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The Chemical Composition of Wheat and Rye 
and of Flours derived therefrom 


By R. A. McCANCE, E. M. WIDDOWSON, T. MORAN, W. J. 8S. PRINGLE anp 
T. F. MACRAE (R.A.F.V.R.), The Department of Medicine, Cambridge, and The Cereals 
Research Station, St Albans 


(Received 2 February 1945) 


Considering the outstanding importance of wheat 
to man, curiously few comprehensive studies of its 
chemistry have been made. It is, however, well 
known that variety, soil and climate all affect the 
chemical composition of wheat. Our knowledge of 
the subject was summarized in broad fashion by 
Booth, Carter, Jones & Moran (1941 a, 6), whilst a 
detailed survey of the literature has since been pub- 
lished by Bailey (1944). Both these publications 
indicate the lack of precise information on the 
general chemistry of flours of different extraction 
prepared from the same wheat grist. This is clearly 
a problem of great importance, particularly in war 
time, when the rate of extraction must be fixed at 
that level which guarantees, in the diet as a whole, 
adequate amounts of those nutrients which are sup- 
plied by bread. Accordingly, a study of the changes 
in the composition of flour with change in extraction 
was undertaken jointly by the Research Association 
of British Flour-Millers (now the Cereals Research 
Station of the Ministry of Food), St Albans, and the 
Department of Mcdicine, Cambridge. 


WHEAT MIXTURES USED 
The following wheat mixtures have been milled and 
analyzed. 

(1) A typical all-Manitoba grist. The system of wheat 
marketing in Canada makes it comparatively easy to obtain 
a sample which may be taken as representative of Manitoba 
wheat. In order to do so, samples were obtained from 24 
different shiploads of wheat reaching this country during 
the months of June, July and August 1943. These originated 
from five different ports on the Atlantic coast and two ports 
on the Pacific Coast. There were 12 samples of No. 1 Northern 
Manitoba and 12 samples of No. 2 Northern Manitoba. One 
sample of each grade came from the Pacific coast. West 
coast shipments, therefore, made up a little more than 8% 
of the whole. Equal weights of the 24 samples were incor- 
porated into the grist. (2) A typical all-English grist. It 
is much more difficult to obtain a grist truly representative 
of English wheat, for there is no system of grading and no 
adequate information on the relative amounts of the main 
varieties which are produced. In addition, many farmers 
grow unnamed varieties of wheat. For the present purpose, 
samples of as many of the known varieties as possible 
were obtained. Additional samples of popular varieties 
were then collected and added to the grist to weight the 
mixture in their favour. Thus there were, in all, four 
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samples of Squareheads Master, three of Little Joss and 
Holdfast, two each of Yeoman, Hybrid 27, Juliana, Bersee, 
Victor and Als, and one sample of each of 10 other varieties. 
In all, therefore, there were 19 varieties and 32 different 
samples. The wheats were all grown in Wiltshire, Cheshire, 
Bedfordshire, Hertfordshire or Cambridgeshire in 1943, and 
the same weight of each sample was taken for making up 
the grist. (3), (4) and (5) Grists containing 70% Manitoba 
and 30% English. (6) A grist of 85° Manitoba and 15% 
English. (7) A grist of 80% Manitoba, 10% English and 
10% Argentinian (Plate). (8) A grist of 80% Manitoba, 
7-5% Plate and 12-5% English. 


Grists 1 and 2 were milled in an experimental 
laboratory mill to the following percentage extrac- 
tions: 100, 85, 80, 75, 70, and 42—46 (patent flour). 
Grists 3-8 were milled to 100, 85, and 75 % extrac- 
tions in commercial mills in the first half of 1942. 
It must be pointed out, however, that ‘percentage 
extraction’ is not a rigid standard, since different 
mills produce flours of slightly different composition, 
even from the same grist and at the same nominal 
extraction. The differences are greatest at extrac- 
tions above 75%, and the reason has become clear 
during the past 2 or 3 years. It is now known, for 
instance, that the scutellum fraction of the germ 
contains some 60 % of the total aneurin in the wheat 
berry (Hinton, 1944), that the bran is particularly 
rich in iron and nicotinic acid, and that the outer 
endosperm, adjoining the bran, is rich in protein, 
iron, phosphorus and nicotinic acid (Moran, 1945). 
At extractions above 75% varying amounts of 
seutellum, bran and outer endosperm may be milled 
into the flour, and since they are such rich deposits 
of certain nutrients the composition of the final 
flour will depend largely upon how much of each of 
them is included. With these reservations in mind 
(Kent, Simpson, Jones & Moran, 1944; Moran & 
Drummond, 1945), we believe, nevertheless, that 
the results of the present investigation do give a 
general idea of the behaviour of wheat on milling, 
and this information does not appear hitherto to 
have been available. 

To widen the scope of the investigation a grist of 
mixed English rye has also been milled in the labo- 
ratory to 100, 85, 75, and 60% extractions, and 
these four flours have been analyzed. 
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METHODS 


The Cereals Research Station obtained the wheats and rye 
and were responsible for their milling. Some of the analyses 
were made at St Albans and some at Cambridge. A number 
were made independently in both places and the results 
compared. If these did not agree the reasons for the differ- 
ences were investigated. The following methods have been 
used: J'otal N: the Kjeldahl-Gunning-Arnold method (Asso- 
ciation of Official Agricultural Chemists, 1940, p. 26). The 
results were converted to ‘protein’ by multiplying by the 
factor 5:7. Purine N: von Fellenberg’s method (1918) (see 
McCance & Shipp, 1933). Moisture: a weighed sample of 
about 5 g. was heated overnight in an electric oven at 100°. 
The loss of weight was determined and taken to represent 
the amount of moisture initially present. Work on a few 
samples indicates that somewhat higher figures for moisture 
would have been obtained by drying the flours in a high 
vacuum at a very low temperature. Fat: von Lieberman 
& Szekely’s (1898) method has been used. It has been 
compared with the standard Soxhlet technique, which, as 
might have been expected, gave much lower results 
(McCance & Widdowson, 1942) and with a slight modifica- 
tion of one of the American ‘official’ methods (Association 
of Official Agricultural Chemists, 1940, p. 213), which gave 
somewhat higher results. This seemed to be due to the 
following causes. In von Lieberman’s method the fatty 
acids are extracted with light petroleum after complete 
saponification, and subsequently titrated or weighed. In 
the ‘official’ method mixed solvents are used and the 
extracted material is weighed. These mixed solvents can 
easily be shown to extract more colouring matter and 
ponderable material than is extracted by light petroleum 
from a cereal which has been thoroughly saponified and then 
acidified, but they do not remove more fatty acids. Hence 
von Lieberman’s method seemed to be preferable. Available 
carbohydrate (hereafter referred to simply as carbohydrate): 
samples were hydrolyzed by boiling with 1% (v/v) H,SO, 
under a reflux condenser for 4 hr. and the resulting glucose 
determined by Lane & Eynon’s (1923) copper reduction 
method. This technique had previously been checked against 
the methods for available carbohydrate given by Widdowson 
& McCance (1935). Fibre: a modification of the method 
described in the Fertilisers and Feeding Stuffs Regulations 
(1932) was used. The final filtration was carried out by 
suction through weighed papers (diam. 5-5 cm.). This 
avoided the transference of the fibre from one paper to 
another, as laid down in the ‘official’ method. The papers 
were treated with boiling alkali and subsequently washed 
in accordance with all the detail used in the actual estima- 
tion before they were dried and weighed. Calories: these 
have been determined by a variety of methods, and a special 
section is devoted to them. Total ash: the method used 
was substantially the same as that given in the Wheat 
(Examinations and Analyses) Byelaws (1939). 5 g. were 
incinerated overnight in a silica vessel at 580-600°, and the 
resulting ash weighed. Potassium: McCance, Widdowson 
& Shackleton (1936). Calcium: two methods were used, 
Greer, Mounfield & Pringle (1942) and McCance & Shipp 
(1933). Agreement was satisfactory. Magnesium: McCance 
& Shipp (1933). Iron: two methods were used, McCance 
et al. (1936) and a modification of the method given by 
Cowling & Benne (1942). In the latter, the colour of the 
ferrous o-phenanthroline complex was measured with a 
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‘Spekker’ absorptiometer, using Ilford No. 604 filters, 
Phytate phosphorus: two methods were used, McCance & 
Widdowson (1935) and Pringle & Moran (1942). Agreement 


‘was good. Total phosphorus: Briggs’s (1922) method has 


been used (a) after wet combustion as described by McCance 
et al. (1936), (6) after dry ashing. A small amount of the 
ashed extracts containing about 1 mg. P was heated for 
1 hr. in a water-bath after the addition of 4 drops conc. 
H,SO,. This made it certain that all phosphate was finally 
present in the ortho form. The solutions were then washed 
out into flasks graduated at 100 ml. and a sample of the 
100 ml. taken for analysis. Table 1 shows that the two 
methods gave similar results. Aneurin: Nicholls, Booth, 
Kent-Jones, Amos & Ward (1942) and Booth (1942). 
Riboflavin: Barton-Wright & Booth (1943). Nicotinic acid: 
Barton-Wright (1944). 


Table 1. Total phosphorus in wheat, determined 
after a wet digestion or a dry ashing technique 


Total P (mg./100 g.) 
determined after 


——————— NN 
Type of flour Wet digestion Dry ashing 


100% extraction 369 365 
348 352 

324 330 

336 336 

75% extraction 112 110 
115 114 

108 108 

114 116 

RESULTS 


WHEAT 


Chemical composition of wheats and 
flours from wheat 


The composition of the Manitoba and English 
wheats and of the meals and flours made from them 
are given in Table 2. All the figures are related to 
a uniform moisture content of 15%, but in studying 
the figures, particularly for the unmilled wheats, it 
must always be remembered that English wheat in 
its natural state generally contains about 16% of 
moisture, Manitoba only some 12 %. This difference 
has been masked by calculating all the results to 
a moisture basis of 15%. Comparing first the com- 
position of the whole grains, it will be seen that the 
English wheat contained 8-89 % and the Manitoba 
13-62 % of protein. Many determinations of the N 
in English and Manitoba wheats are available for 
comparison, and the figures obtained indicate that 
the composite samples collected for this investiga- 
tion were representative of the two types of wheat. 

The purine N was considerably higher in the 
Manitoba than in the English wheat. The additional 
protein in the former was evidently accompanied 
by additional nuclear material and was not merely 
storage protein. It is to be noted, however, that 
much more of the purine than of the total N was 
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type shown in Fig. 1d. Such substances are K, P, 
phytic acid, Mg and Ca, Zn and Cu. These minerals, 
however, do not all mill off in exactly the same way. 
The percentage of Mg in the ash falls on passing 
from the whole grain to patent flour, whereas that 
of Ca rises (Teller, 1896; Sullivan & Near, 1927; 
Bailey, 1944). Unless special milling methods are 
used (Kent et al. 1944), the germ separates mainly 
with the fractions milled away between 85 and 75%, 
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suggest superficially that most of the fat was 
originally present in the bran. This, however, is not 
necessarily the case, for if the figures given by Booth 
et al. (1941 a, b) for the quantities of fat in the bran, 
germ and endosperm are accepted, and if it be 
assumed that the quantity of bran in any sample of 
wheat is six times the weight of the fibre (Moran & 
Pace, 1942) and that the germ amounts to 2-5 % of the 
whole grain (Booth e¢ al. 19414, 6), then the amount 
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Fig. 1. The effect of milling on the composition of wheat. 


and if a substance were present almost entirely in 
the germ—as aneurin is (Hinton, 1944)—then one 
would expect it to give a curve like that given by 
this vitamin (Fig. 1c). 

According to Booth et al. (1941, b) typical figures 
for the bran, germ and endosperm are 15, 25, and 
12% of protein and 4-7, 10-8, and 1-2% of fat re- 
spectively. Herd & Amos (1930) found the corre- 
sponding figures for fat to be 3-58, 6-72 and 0-99 %. 
Consequently the milling curves for protein and fat 
might be expected to be to some extent of the 
aneurin type. The protein curve may possibly so be 
described since the percentage of protein only begins 
to fall as the extraction shortens below 85%, but 
the fat curve (Fig. 2) is of the type which might 


of fat in a whole wheat containing 2-18 % of fibre 
ean be calculated to be 1-85%. If further it be 
assumed that this wheat mills so that the 85 % flour 
contains 0-4 % of fibre, and practically all the germ, 
then the percentage of fat in the 85 % flour should 
be 1-56. The 75% flour would contain about 1-2% 
of fat if all the germ and the remaining fibre came 
away between 85 and 75 %. The curves which these 
figures make are shown in Fig. 2, and it is evident 
that had the bran and outer endosperm contained 6 
instead of 4% of fat a curve very like that of the 
laboratory mill would have been obtained. Thus the 
difference between the fat curves and the aneurin 
curves can be explained by the proportions of each- 
substance present in the bran, germ and endosperm 
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and by the fact that the germ contributes only 2% 
to the weight of the whole wheat seed. 

Table 3 shows the composition of the six mixed 
grists and of the corresponding commercial 85 and 
75% flours. The composition of the whole wheats 
calls for no special comment, but there are some 


interesting points in connexion with the milled 
i 






Fat (g./100 g.) 


| Commercial mills 





——————— Laboratory mill 
x— — — — —X Calculated data 





0-5 


90 80 70 


Percentage extraction 


Fig. 2. The separation of fat in the milling of wheat. 
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products. It is evident that at that time the com- 
mercial mills were not getting the 85 % flour so clear 
of fibre (bran) as the laboratory mill one year later, 
and most of the 85% flour milled commercially in 
1943 and 1944 probably contained less than 0-5 °% 
of fibre (see Ministry of Food, Scientific Adviser’s 
Division, 1942 a, b, 1943, 1944 a, b). The figures for 
fat indicate that very little separated with the bran 
in the commercial mills during the preparing of the 
85% flour. Most came away with the fraction sepa- 
rating off between 85 and 75% (see Fig. 2). Thus 
fat separated mainly between 100 and 85% on the 
laboratory mill and between 85 and 75% on the 
commercial mill. As already stated, the behaviour 
of fat on the laboratory mill is in keeping with what 
is known of the composition of wheat, and unless 
the wheats which were being milled commercially 
in 1942 had a very unusual composition, it is difficult 
to explain how the commercial mills managed to 
pass so much of the fat in the whole wheat into the 
85% flour. One possible explanation is that the 
commercial 85% extraction flours contained more 
of the outer endosperm than the corresponding 


Table 3. The composition of meals and flours milled commercially from various mixed grists 


(Results calculated on a 15% moisture basis.) 
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laboratory milled flours. Preliminary experiments 
have shown that this part of the endosperm is rela- 
tively rich in fat; with one sample of Manitoba 
wheat a figure of 6-3 °4 was obtained. In any case it 
raises an interesting problem in milling technology. 

The minerals separated on the commercial mills 
in very much the same way as they separated on the 
laboratory mill, but riboflavin did not do so. As in 
the case of fat, the laboratory plant milled off most 
of the riboflavin with the fraction which separated 
in the preparation of the 85 % flour, the commercial 
plants with the fraction separating between 85 and 
75 % (Tables 2, 3). No explanation of this difference 
can be given until more experimental results have 
been obtained. 

If all the solids which have been measured are 
added to the conventional 15°% of moisture it will 
be found in all the fine flours that the sum is very 
near 100. The average for the commercial 75 % flours 
was 99-84. In the original grists, however, the sum 
was less and averaged 95-86 for the commercial 
wheat mixtures. The figures for the Manitoba and 
English wheats were of the same order. The undeter- 
mined fractions of the whole wheats are made up of 
pentosans and other carbohydrates which neither 
hydrolyze with the starch nor separate with the 
fibre. They are not available as carbohydrate to 
man (McCance & Lawrence, 1929). 


The assessment of calories in wheat 
and wheat flours 


The calorific value of wheat is one of its most 
important assets in nutrition, and its determination 
correspondingly desirable. It is a difficult matter 
to decide upon the best approximation to the 
physiological value, but so important is it that more 
experiments have been carried out on wheat than 
upon any other foodstuff. 

There are two common ways of finding out the 
calorific value of a foodstuff. The direct method 
involves the use of a bomb calorimeter, and the 
results so obtained, on the series of wheats whose 
chemical composition has just been described, are 
given in the first column of Table 4. The second or 
indirect method consists of analyzing the foodstuff 
for protein, fat and carbohydrate and multiplying 
the results by factors which are based upon the 
accepted heats of combustion of these substances. 
With the figures 5-65, 9-45 and 4-2 for protein, fat 
and starch respectively (Sherman, 1937), the neces- 
sary analysis and arithmetic produced the figures 


shown in column 2. It will be seen that the indirect 


method has given the more irregular results of the 
two, and that they are on average considerably 
lower for the 100% wheats, practically the same 
for the 85% extraction and slightly higher at 75% 
extraction. Two reasons may be given for these 
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differences. First, all the indirect figures are a little 
high because some of the nitrogen must be there in 
the form of purines and other bodies with lower 
heats of combustion than the proteins, and also 
because a little of the carbohydrate is present as 
maltose which should have a heat of combustion 
of about 3-96. Secondly, the indirect figures are 
rightly lower than the direct ones for the 100% 
wheat, and they are slightly lower for the 85% 
meal because protein, fat and starch did not account 
for the whole of the organic matter. In every 100 g. 
of whole wheat there are at least 4g. of fibre, 
pentosans and other undetermined but chemically 
combustible material. Assuming that these will 
have heats of combustion of 4-2 cal./g., and de- 
ducting 4x 4-2=16-8 cal. from the average total 
energy value of the 100 % wheat (as determined by 
the bomb calorimeter), a figure of 360 is arrived at, 
and this is very close to the indirect figure of 358. 
By and large, therefore, the agreement between the 
two methods is really excellent. The figures so far 
considered, however, are largely theoretical so far 
as human nutrition is concerned. No person would 
be able to derive as many calories from these samples 
of wheat as are set out in columns | and 2 because 
both the urine and the faeces always contain com- 
bustible materials. Two deductions, therefore, have 
to be made from these purely physical data to obtain 
an estimate of the physiological or available calories. 
The loss by the bowel may be found by subjecting 
the faeces of a person living on bread to combustion 
in the bomb calorimeter. Macrae, Hutchinson, 
Irwin, Bacon & McDougall (1942) carried out such 
experiments when they were subsisting very largely 
upon 100 and 73% flours, and similar tests have 
been made by others. The data are summarized in 
Fig. 3. The earlier workers tended to employ very 
short metabolic periods, and the estimates of Macrae 
et al. (1942), the Royal Society, Food (War) Com- 
mittee (1918), Newman, Robinson, Halnan & Neville 
(1912) and of Krebs & Mellanby (1942) are probably 
the most reliable. Krebs & Mellanby, however, used 
dry weights to make their computations and not 
the results of calorimetry. If the figures 96, 94:5 
and 87 % are taken for the digestibility coefficients 
of 75, 85 and 100% flours respectively, the data in 
column 1 may be corrected for the losses in the 
faeces and the results are shown in column 3. 
There is no doubt that the digestibility of wheat 
flour is largely a matter of the quantity of bran it 
contains, and the wheats used by Macrae et al. (1942) 
and others for their digestibility trials were not the 
same as those which have recently been analyzed. 
To meet such a difficulty, Moran & Pace (1942) de- 
vised a method of using the quantity of fibre in any 
sample of wheat to assess its digestibility. If this 
method of correcting the figures in column 1 is used, 
the figures given in column 4 are obtained. 
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Table 4. The assessment of calories in wheat 
(Results calculated on a 15% moisture basis.) 


Total energy 




















kg. cal./100 g. Available energy (kg. cal./100 g.) 
— Se c fas — 
Calculated by Bomb data after By use of 
use of factors first correction Bomb data after factors 
5-65, 9-45 and (for digestibility) second correction 4, 9 and 4 
4-2 kg. cal. based on based on kg. cal./g. 
Deter- for protein, —————__“~———____ Second ~*~ for protein, 
mined fat and Digesti- correction Digesti- fat and 
by bomb carbo- bility Method of (for bility Method of carbo- 
calori- hydrate experi-. Moran & urinary experi- Moran & hydrate 
Grists meter respectively ments Pace (1942) nitrogen) ments Pace (1942) respectively 
(1) Whole wheats 
All Manitoba 383 367 332 327 15 317 312 328 
All English 372 351 324 318 9 315 309 323 
Mixed 1 376 362 327 325 14 313 311 326 
ee 375 363 326 327 14 312 313 328 
wate 377 357 328 323 14 314 309 322 
» 4 375 358 326 319 13 313 306 323 
co ae 377 352 328 322 14 314 308 319 
» 6 375 _ 351 326 322 14 312 308 317 
Average 377 358 327 23 13 314 310 324 
(2) 85% extractions 
All Manitoba 379 374 358 360 16 342 344 339 
All English 371 364 350 351 10 340 341 335 
Mixed 1 375 378 354 353 15 339 338 342 
ae 374 385 353 350 15 338 335 348 
ce 375 380 354 353 15 339 338 343 
ne 373 374 352 354 14 338 340 339 
ok 373 371 352 354 15 337 339 335 
a 373 373 352 348 14 338 334 338 
Average 374 372 353 353 14 339 339 340 
(3) 75% extractions 
All Manitoba 371 378 356 360 15 341 345 342 
All English 366 368 351 352 9 342 343 339 
Mixed 1 371 374 356 358 15 341 343 339 
< 371 381 356 358 15 341 343 347 
» 3 373 378 358 360 15 343 345 342 
ose 378 373 358 359 14 344 345 340 
save ae 371 377 356 358 14 341 344 343 
ee 372 384 358 359 14 343 345 349 
Average 372 376 346 358 14 342 344 342 
100 Energy (calories) Nitrogen 
ra 
W W 
<a " X=—S 
~9o 
38 s —s 
> WwW R 
a N W 
5 Ss 
ol 2. 
W N 
100 90 80 70 100 90 80 70 


Percentage extraction 


Fig. 3. The digestibility of wheat. N, Newman et al. (1912); M, Martin & Robison (1922); O, Royal Society (1918); K, Krebs 
& Mellanby (1942); X, Macrae et al. (1942); R, Rubner (1916); W, Woods & Merrill (1900); S, Snyder (1901, 1905). 
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The combustible materials in the urine are mainly 
products of nitrogen metabolism, which are not 
oxidized by the animal to the same extent as they 
are in the bomb calorimeter. The magnitude of the 
necessary correction may be assessed by multiplying 
each gram of protein which has been absorbed by 1-3 
(Sherman, 1937), but this in turn involves an assess- 
ment of the percentage of nitrogen absorbed from 
the gut and excreted in the urine. A number of 
authors have attempted to solve this difficult pro- 
blem by living on diets consisting largely of wheat, 
and some of their results are shown in Fig. 3. All 
of them are really too low because in all the experi- 
ments the diet contained foods other than bread, 
and some of the N in the digestive juices and faeces 
must be attributed to them. It is, moreover, clearly 
unwise to draw any line to average these scattered 
results, but the most satisfactory figures are pro- 
bably those of Macrae et al. (1942), Martin & 
Robison (1922), the Royal Society, Food (War) 
Committee (1918), and Krebs & Mellanby (1942), 
and the digestibility of wheat N in 75, 85 and 100% 
flours, has, therefore, been taken to be 91, 89 and 
82% respectively. The losses of calories in the 
urine, computed in this way, amount to the 
figures given in column 5, and when columns 3 
and 4 are corrected for urinary losses by deducting 
the figures given in column 5 the estimates for 
the available calories given in columns 6 and 7 are 
obtained. 

Yet another method of reaching a figure for the 
available calories is to multiply the protein, fat and 
carbohydrate in the wheat by factors which allow 
for the incomplete combustion and for the digesti- 
bility of these proximate principles. The figures 4, 
9 and 4 are usually employed (Sherman, 1937). The 
factor 4 for protein assumes a digestibility of 92%, 
but it would clearly only be correct to use this figure 
for the 75 % flour. The factors 3-6 and 3-9 would be 
more appropriate for the 100 and 85% meals (see 
Fig. 3). The factor 4 for carbohydrate is based upon 
a figure 4-1 for the calorie value of the carbohydrate 
in a mixed diet and upon the assumption that 98 % 
of this carbohydrate is digestible. It happens to fit 
the conditions present in 75% flour very well, for 
the starch in it has a calorie value in the bomb of 
4-2 and the flour has an over-all calorie digestibility 
of 96%. If, however, the factors 4 and 9 are correct 
for the carbohydrate and fat in 75% flour with a 
digestibility of 96 % they must be too high for whole 
wheat with a digestibility of only 87%. There is 
another way of reaching the same conclusion. Taking 
the average figures for whole wheat, 50 cal. are lost 
in the faeces for every 100 g. taken by mouth. Of 
these 50 cal., 8 can be assigned to protein and 17 to 
unavailable carbohydrate. This leaves 25 calories, 
i.e. about 8% of the total calories attributable to 
starch and fat in every 100 g. of wheat. Factors of 
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8-7 for fat and 3-85 for carbohydrate would allow 
for these losses by the bowel. 

The calorie values of these wheats obtained by 
using the factors 4, 9 and 4, are given in column 8, 
The figures are more variable than those in columns 
6 and 7. The average figures in column 8, however, 
for the 75 and 85% flours agree very well with the 
corresponding data in columns 6 and 7, but they are 
too high, as was only to be expected, for the 100% 
meals. Had the factors 3-6, 8-7 and 3-85 been used, 
the calories for these meals would have averaged 
309, and it is suggested that 310 be taken as a 
suitable figure for the available calories in whole 
wheats. The calorie value of 85 % meal is very close 
to that of 75 % flour but tends to be slightly lower— 
340 as against 342 cal./100 g. 


Note. The factors 4-1, 9-3 and 4-1 which are generally 
used in England in preference to the factors 4, 9 and 4 
allow for the incomplete combustion of the protein but not 
for digestibility. They give the sum total of physiological 
calories which a food provides and, suitably modified for 
carbohydrate, they are the best factors to use in the con- 
struction of tables which set out to give the composition of 
foods. To get over the use of the factor 4-1, which was always 
and at best a compromise between the correct factors for 
starch and monosaccharides, McCance & Widdowson (1942) 
expressed all the available carbohydrate in foods as glucose 
and multiplied the results by 3-75. The factor 4-2 would 
certainly be the correct one to employ for the starch in 
cereals and it should be noted that these factors, 4:1, 9-3 
and 4-2 for protein, fat and starch respectively, would be 
equally correct for a patent flour or a whole meal. 


RYE 
Chemical composition of rye and rye flours 


Table 5 gives the composition of an all-English rye 
grist and of three flours milled from it on the labo- 
ratory mill by a continental method using a much 
extended break system. The mixture was not a 
composite one and does not claim to be really 
representative of English rye. It was richer in 
vitamin B, than other samples which have been 
analyzed, and, although the grain contained less 
protein than the composite sample of English wheat, 
the figure 7-98 may be quite a high one for an English 
or a German rye (Kent-Jones, 1939). Rye grown in 
other parts of the world, however, may contain 
considerably more protein (Fox & Golberg, 1944). 
The methods of analysis accounted for 100-8 % of 
the 60 % flour and 95-24 % of the whole grain, figures 
very like those for wheat. The calories as determined 
by bomb calorimeter are shown in Table 6. No 
digestibility trials seem to have been carried out on 
rye, but the method of Moran & Pace (1942) may 
be used to arrive at the available calories and these 
data are given in the second column of Table 6. The 
available calories obtained by using the factors 4, 9 
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Table 5. Composition of rye and its milled products 


(Results calculated on a 15% moisture basis.) 


Vol. 39 
g./100 g. 
ra ae re ore rent 
Per- Carbo- 
centage Pro- hydrate Ribo- 
extrac- tein (as Aneurin flavin 


tion (Nx5-7) Fat starch) Fibre (i.u./g.) (ug./g.) 

100 7-98 1-98 69 1-56 1-45 2-90 
85 7:30 1-64 73 0-84 0-98 2-00 
75 6-67 1-33 75 0-48 0-80 1-40 
60 5-64 1-01 78 0-22 = 0-85 


and 4 for the protein, fat and carbohydrate respec- 
tively are given in column 3 and, as with wheat, 
the agreement is good for the fine flours, but the 
factors give higher figures for the 100% meal. It 
would probably be better not to use these factors 
for whole cereals. 


Table 6. The assessment of calories in rye flours 
of various extractions 


Available energy 
(kg. cal./100g.) 


Calculated 
from factors 
4,9 and 4 
Total energy Determination kg. cal./g. 
(kg. cal./100g.) based on for protein, 
determined method of fat and 
Percentage by bomb Moran & carbohydrate 
extraction calorimeter Pace (1942) _ respectively 
100 367 317 326 
85 365 329 336 
75 363 339 339 
60 361 343 346 


The composition of the rye grain was, on the 
whole, similar to that of whole wheat, and in a 
general sense also milling did to the rye what it did 
to the wheat, but there were differences which de- 
serve some comment. Enough protein milled away 
with the coarse bran to bring the amount in the 
85% flour well below that in the grain, and the fall 
in the percentage of protein on passing from the 
whole meal to the finest flour was considerably 
greater than it was in the case of wheat. The rye 
contained less fibre, but this did not come away so 
clean, so that even the finest flour was left with 
0-22°% in it. Rye fat began to separate freely in the 
preparation of the 85 % flour, and, although less of 
the total fat was milled away in preparing the finer 
rye flours the fat in rye behaved generally as did the 
wheat fat in the laboratory mill. The same may be 
said of the riboflavin. 


mg./100 g. 





Ash f ny, 
(g./ Total Phy- 
100 g.) K Ca Mg Fe P tate P 
1-72 412 31-5 92 2-70 359 258 
1-04 203 26-1 45 1-97 193 104 
0-72 172 19-5 26 1-72 129 57 
0-51 140 15-3 16 1-32 78 24 


SUMMARY 


1. Representative samples of English and Mani- 
toba wheats have been obtained and milled to 85, 
80, 75, 70 and 42-46 % extractions on a laboratory 
mill. The whole wheats and the flours have been 
analyzed. 

2. On the assumption that each wheat had 15% 
of moisture in it, the Manitoba contained more 
protein, fat, Mg, Fe and Zn, and less carbohydrate, 
K, Ca and Cu than the English. The two wheats 
contained almost equal amounts of fibre, aneurin, 
riboflavin, Na, P and Cl. Similar relationships 
characterized the corresponding flours. 

3. The flours milled from these wheats contained 
progressively more carbohydrate and less of almost 
every other nutrient. The extent of this fall and the 
stage of the milling process at which it took place 
differed from one constituent to another and was 
sometimes highly characteristic (Figs. 1, 2). 

4. Mixed grists of Manitoba and English wheat 
and the corresponding 85 and 75% flours were ob- 
tained from six commercial mills. In their general 
relationship to each other and to the original grists 
these flours closely resembled those prepared on the 
laboratory mill, but there were consistent differences 
in the way in which the fat and the riboflavin 
separated. 

5. The finest flours provide fractionally more 
available calories than ‘ National’ (85 °% extraction) 
flour, and some 10°% more than an equal weight of 
whole wheat. 

6. The sample of English rye analyzed did not 
differ strikingly from English wheat but its con- 
stituents separated differently on milling. The finer 
flours contained proportionally less protein, and 
more carbohydrate and fibre, than the corresponding 
wheaten flours. 


The laboratory milling was carried out by Mr A. G. 
Simpson and Dr N. L. Kent. The authors are also indebted 
to Miss D. N. Graves and Flight-Sergeant G. A. Childs for 
help with some of the technical work. 
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Hypervitaminosis A 


By T. MOORE anv Y. L. WANG, Dunn Nutritional Laboratory, University of Cambridge, 
and Medical Research Council 


(Received 22 March 1945) 


Many forms of injury are known to occur in experi- 
mental animals when they are dosed with greatly 
excessive amounts of oils or concentrates containing 
vitamin A. Takahashi, Nakamiya, Kawakami & 
Kitasato (1925) tested the effect of excess of their 


crude concentrate ‘Biosterin’ when given orally to 
rats and mice, and observed loss of hair, emaciation 
and paralysis of the hind legs. After periods varying 
from a few davs to several weeks the animals died, 
and at autopsy fatty degeneration of the liver, 
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kidney and heart was found, together with hyper- 
aemia, and sometimes haemorrhage in the intestines 
and lungs. Both Takahashi et al. and later Matsuoka 
(1934) found that excess of vitamin A concentrate 
was also toxic when injected, usually causing death 
with cramp in less than an hour. The principal 
observations of the Japanese workers in regard to 
the ill effects of excess of vitamin A concentrates 
when given orally were confirmed by Harris & 
Moore (1928), Chevallier, Cornil & Chabré (1934), 
Simola & Kalaga (1934), Lewis & Reti (1934), 
Ypsilanti (1935) and Ocana (1935). 

Another remarkable lesion, which escaped notice 
until highly potent concentrates became available, 
was described by Collazo & Rodriguez (1932) and 
Bomskov & Seeman (1933). The skeletons of rats 
which had received excess of concentrate became 
so fragile that the animals incurred fractures of the 
large bones of the legs and shoulders in the course 
of the limited movements possible while in captivity 
in small cages. Sometimes the broken ends of the 
bone were ankylosed with the formation of large 
irregular calluses (Davies & Moore, 1934). Further 
observations on these skeletal lesions were made by 
Strauss (1934), Hoff & Jeddeloh (1934), Vedder & 
Rosenberg (1938) and Wesaw, Wronski, Wroblewski 
& Wroblewski (1938). Recently, a further injury 
has been reported by Rodahl & Moore (1943), whose 
rats often died from severe internal haemorrhage 
after receiving excess of rich sources of vitamin A. 
This bleeding was much more profuse and sudden 
than the diffuse bleeding in various membranes 
described by previous workers. If not a distinct 
phenomenon it must at least be considered a separate 
aspect of a general liability to haemorrhage. 

While, however, it is well established that con- 
centrated sources of vitamin A are toxic when given 
in great excess, some doubt has remained as to 
whether vitamin A itself is responsible for the 
toxicity, and if so whether it produces all, or only 
some of the lesions which have been reported. Un- 
doubtedly fish liver and body oils may be injurious 
for several distinct reasons unrelated to their content 
of vitamin A. Agduhr (1926, 1928) noticed the ill 
effects of cod-liver oil on the musculature of various 
animals, and pointed out that the oil was still 
injurious after its vitamin A had been destroyed. 
Yamamoto (1934) and later Yoshida (1937) con- 
cluded that the glyceride fraction, and not vita- 
min A, was responsible for the adverse action of 
many marine oils on rats. Hartwell (1927), who 
found that female rats succumbed to uterine hae- 
morrhage when allowed to become pregnant on 
diets rich in cod-liver oil, tentatively ascribed this 
lesion not to vitamin A but to the destructive action 
of the oil on the vitamin E in the diet. In our 


experience sperm oil is toxic to rats on account of 
the presence of cetyl aleohol, which resists absorp- 
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tion ; while we have found a stale specimen of sardine 
oil to be toxie although devoid of vitamin A. It 
must also be remembered that concentrates rich in 
vitamin A are often equally rich in vitamin D, which 
is known to be toxic when given in great excess. 
Even the original experiments of Takahashi e¢ al. 
(1925) may now be taken as evidence that the toxic 
effects observed were not all due to vitamin A, since 
a preparation made from seaweed, and presumably 
free from preformed vitamin, was no less toxic than 
their cod-liver oil concentrates. 

In crude sources of vitamin A, therefore, many 
components other than the vitamin might well be 
responsible for toxicity. Experience with compara- 
tively pure concentrates, moreover, has also sug- 
gested to some investigators that the vitamin may 
not be implicated after all. Although Drigalski 
(1933) found that concentrates given orally to rats 
were harmless if the vitamin had been destroyed by 
ultra-violet irradiation, Matsuoka (1934) observed 
convulsions in rats after the injection of concen- 
trates which had been freed from vitamin by oxida- 
tion or hydrogenation. Conversely a distillate ecn- 
taining the vitamin was not toxic. Hamano (195), 
who prepared various crystalline derivatives of 
vitamin A, found that toxic factors accompanied 
vitamin A into the unsaponifiable fraction, but could 
be separated by their inferior solubility in methano!. 
The purified vitamin did not appear to be toxic. 
Finally, Vedder & Rosenberg (1938) found no close 
relationship between vitamin A content and toxicity, 
as measured by the incidence of bone fractures, in 
distillates prepared from jew-fish liver oil. 

The main purpose of the present experiments, of 
which a preliminary description has already been 
given (Moore & Wang, 1943), has been to test the 
toxicity of vitamin A in its purest available form, 
i.e. as a crystalline ester. The uterine haemorrhage 
described by Hartwell (1927) has been reinvestigated 
to decide whether vitamin A may not be directly 
involved. The opportunity has also been taken to 
test the claims of Vedder & Rosenberg (1938) and 
others that liberal doses of vitamins C and D are 
beneficial to animals given excess of vitamin A 
concentrate. 

EXPERIMENTAL 


The toxicity of pure vitamin A acetate 
to young rats 


Exp. 1. A specimen of crystalline vitamin A 
acetate (£}%, = 1500 for the acetate) was kindly 
provided by British Drug Houses Ltd. To facilitate 
administration to rats it was dissolved in arachis oil. 
Five young male rats weighing 69-79 g. were given 
a basal diet consisting of casein 200, sugar 500, dried 
yeast 50, and salt mixture 50 parts. A measured 
amount of the solution of vitamin A acetate, equi- 
valent to 50,000 i.u. daily during the first days of 
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the experiment, was given to the animals, after 
they had fasted overnight, mixed with 3-4 g. of 
the basal diet. When the dose had been finished the 
basal diet was given ad libitum for the rest of the 
day. After the first 4 days the dose of vitamin was 
reduced to 25,000 i.u., since some of the animals 
would not accept the previous dose. 

On the eighth day of the experiment a limping 
gait, suggestive of tenderness in the legs, was ob- 
served in some of the animals. X-ray examination 
on the tenth day revealed fractures of the limbs in 
one instance, and the general condition of all the 
animals was poor. By the twentieth day all the rats 
had sustained fractures. Care had to be taken to 
avoid additional fractures during X-ray examina- 
tion. Exophthalmos was seen in all cases, and in 
one rat a denudation around the eyes was observed. 
Post-mortem examination revealed subcutaneous 
and intramuscular haemorrhages in some of the 
animals. 

X-ray photographs were taken of the rats after 
excess of vitamin A had been given for 20 days 
(Pl. 3). It will be seen that the bones become 
abnormally thin. In one case only there was detach- 
ment of the epiphysis from the shaft of the bone, 
a lesion frequently observed in rather different form 
in human infantile scurvy. Fractures occurred most 
often, however, near the centre of large bones. The 
ends of the bones were sometimes ankylosed with 
the formation of calluses. 

Exp. 2. Young male rats of weight 48-86 g. were 
given a basal diet similar to that used in Exp. 1, but 
the dried yeast was increased to 100 parts with a 
view to improving appetite. Group 1 (‘Control’) of 
five animals received 4-5 g. of the basal diet daily 
mixed with 1-5 g. of plain arachis oil. The vitamin A 
allowance was 1000 i.u. per week. Group 2 (‘Vita- 
min A excess’) received the same diet, but the 
arachis oil contained 40,000 i.u. of vitamin A acetate 
daily. Group 3 (‘Oxidized vitamin A’) had the same 
diet as group 2, but the oil had been aerated on a 
boiling water-bath until the vitamin A, as measured 
by the antimony trichloride reaction, had all been 
destroyed. 

In the group given excess of vitamin A acetate 
one rat had a limb fractured after 7 days, while 
within 14 days all the rats in this group had frac- 
tures. The animals were miserable in appearance, 
and gained no weight during the experiment. At 
autopsy intramuscular haemorrhages were found in 
some instances. In contrast the rats, both in the 
control group and in the group given oxidized 
vitamin A, remained well, had neither fractures nor 
haemorrhage, and made average gains in weight of 
18 and 12g. respectively during the first 14 days 
of the experiment. 

Mineral content of the bones in hypervitaminosis A. 
The ash content of the pooled tibiae of the control 
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group, on a fat-free basis, was 52-1 %, while for the 
group given excess of vitamin A the ash content 
was 51-3%. Contrary to expectations no significant 
difference was therefore detected in hypervita- 
minosis A. 

Ascorbic acid and hypervitaminosis A. In parallel 
with the preceding groups another five rats were 
given excess of vitamin A, but with the addition of 
10 mg. daily of ascorbic acid. Two animals had 
fractures on the seventh day of the experiment, and 
the remaining three had developed fractures, and 
were in a miserable condition, when they were killed 
between the ninth and eleventh days. At autopsy 
intramuscular or subcutaneous haemorrhage was 
found in all these rats. The ascorbic acid did not 
therefore alleviate the injurious effects of the excess 
of vitamin A at the doses in which the two vitamins 
were given. 

Estimations of ascorbie acid by the indophenol 
method in the livers, adrenals and urine of the pre- 
ceding groups 1 and 2 also failed to reveal any 
significant effect of excessive vitamin A on ascorbic 


acid metabolism: eer 
Ascorbic acid in 


| 
Urine/ 

rat for 

Liver Adrenals 24 hr. 
(mg./g-) (mg./g-) (mg.) 
0-11 3-7 0-4 
0-09 3-3 0-4 


Mean 
wt. of 
liver 
(g-) 
Group 1 (control) 6-0 
Group 2 (excess of 53 
vitamin A) 


Calciferol and hypervitaminosis A. Five more rats 
received the same diet with excess of vitamin A, 
and with the addition of 1 mg. daily of calciferol. 
Fractures developed in all these animals within 
11 days, and in some rats haemorrhagic lesions 
round the eyes were noticed. At autopsy no intra- 
muscular haemorrhage was found, but the muscles 
of the legs had a purple colour suggestive of venous 
congestion. 

The injection of vitamin A. When young rats 
were injected with massive doses of vitamin A their 
reaction never amounted to more than a temporary 
cramping and twitching of the muscles of the hind 
legs. In no instance did an animal die as the result 
of this treatment. 

In six rats, which had single doses of 40,000- 
90,000 i.u. of vitamin A acetate dissolved in arachis 
oil by either intraperitoneal or subcutaneous injec- 
tion, no cramping, nor any other injury, was ob- 
served. Another animal received an intraperitoneal 
injection of about 400,000 i.u. of free vitamin A 
alcohol, prepared from the acetate and dissolved in 
arachis oil, without developing cramp. An intra- 
peritoneal injection of 25,000 i.u. of vitamin A as 
halibut-liver oil, however, caused cramping in one 
rat after 40 min. The condition persisted for over 
2 hr., but the rat had recovered by the following 
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day. Three other rats after intraperitoneal injections 
of 50,000 i.u. as halibut-liver oil had no cramp, but 
an animal injected with 100,000 i.u. had a short 
attack which started within 5 min. after the injec- 
tion. Of three rats which had massive injections of 
a crude commercial concentrate of fish-liver oil 
containing 25,000 i.u. of vitamin A/g. two developed 
cramping within about an hour, but recovered. The 
third appeared miserable for a short time, but had 
no cramp and recovered rapidly. In all instances in 
which abnormality was observed it was difficult to 
decide whether the cramp was genuine, or merely 
the voluntary effort of the animal to adopt a position 
to overcome discomfort. 


The effect of excessive vitamin A on 
gestation in the rat 


Several series of experiments were carried out to 
decide whether the uterine haemorrhage observed 
by Hartwell in pregnant rats given large amounts 
of cod-liver oil can be ascribed to vitamin A. The 
usual procedure was to take mature females, which 
had received a mixed diet of natural foodstuffs, and 
to place them together with males until. spermatozoa 
were detected in the vaginal smear. The male was 
then removed, and the diet of the female was 
changed, immediately or after an interval, to a 
purified ration which contained vitamin A dissolved 
in an oily medium. In most of the experiments the 
diet used contained casein 20%, sugar 40%, dried 
yeast 5%, salt mixture 5% and fat 30%, the solid 
components and fat being mixed together just before 
feeding. In some experiments the composition of 
the diet was varied slightly, the main differences 
being a reduction in the fat to 20 % and the replace- 
ment of the dried yeast by an equal amount of 
marmite. No evidence was obtained to suggest that 
these minor alterations significantly affected the 
course of gestation. On the other hand, the incidence 
of haemorrhage was vitally affected by the stage at 
which excess of vitamin A was introduced into the 
diet. 

Massive doses of vitamin A. Vitamin A acetate 
was given at the rate of 45,000 i.u. daily made up 
in arachis oil as 20 % of the diet. Other rats received 
30,000—40,000 i.u. vitamin A daily as halibut-liver 
oil. The specimen used was kindly supplied by Allen 
& Hanburys Ltd., and contained 50,000 i.u./g. It 
was diluted with arachis oil to make 30% of the 
diet. Similar results were obtained with both sources 
of vitamin A and for the sake of simplicity they may 
be combined (see table at head of next column). 
Haemorrhage was first noticed between the fifteenth 
and twenty-first day of pregnancy in different 
animals. Inspection at autopsy of the uteri of rats 
which had died from haemorrhage suggested that 
the bleeding occurred at the junction of the placenta 
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No. of cases of 
Failure Litters, 


of dead or 
implan- alive, 
Total tation without 
no. of Uterine or fatal 
Vitamin A rats in haemor- resorp- haemor- 
given group rhage tion rhage 
(a) Within 10 days 13 6 6 1 
after coitus 
(6) Morethan10days 12 0 0 12 
after coitus 


and endometrium. The placenta was sometimes 
partially detached, and the endometrium eroded. 
Histological examination indicated the presence of 
extensive extravasations of blood at the junction of 
the placenta and endometrium, but in view of the 
presence of maternal blood sinuses in this region 
during normal pregnancy the certain detection of 
abnormality was difficult. In agreement with the 
view that the retro-placental haemorrhage had oc- 
curred suddenly the structure of the foetuses ap- 
peared to be more or less normal. 

It must be emphasized that litters have been 
counted as ‘delivered’ whether alive or dead. In 
practice the animals could not be watched con- 
tinuously, and often it was difficult to decide whether 
neglected litters had been born alive or dead. Even 
when the young were born alive they were not 
reared unless the mother’s ration was changed to a 
mixed diet of natural foodstuffs. 

High doses of vitamin A. A veterinary cod-liver 
oil ‘compound’, containing 500 i.u. of vitamin A g-, 
was given as 20% of the diet from the time of 
fertilization. The daily intake of vitamin was about 
1000 i.u. The results were: 

No. of cases of 


ae 
Failure Litters, 
of dead or 

implan- alive, 
tation without 

Total Uterine or fatal 
no. of haemor- resorp- haemor- 

rats rhage tion rhage 

Vitamin A given 6 1 1 + 


at coitus 


‘In this experiment marmite was given in place of 


the usual dried yeast. In one of the four rats which 
survived parturition the latter was accompanied by 
more profuse haemorrhage than is usual. Of five 
other rats which were given the oil as 30 % of their 
diet, four had litters. In the remaining rat no signs 
of implantation were found at autopsy. 

Dosing with marine oils low in vitamin A. A stale 
specimen of sardine oil, several years old and brown 
in colour, was given to two rats as 30% of the diet 
from the time of coitus. Fresh whale oil was given 
to six other rats. For the purpose of another in- 
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vestigation a diet containing 30% of the oil was 

given not only during pregnancy but for 4 months 

before mating. Three of these animals had been 

dosed with tocopherol since first receiving the whale 

oil, while the other three had not. The results were: 
No. of cases of 


A 





Failure Litters, 
of dead or 
implan- alive, 
tation without 
Total Uterine or fatal 
Oil given at no. of haemor- resorp- haemor- 
coitus rats rhage tion rhage 
Stale sardine oil 2 0 1 1 
Whale oil 3 0 1 2 
+ tocopherol 
Whale oil 3 0 3 0 
— tecopherol 


Both rats having sardine oil declined in weight 
throughout the experiment and became very ema- 
ciated. The rats having whale oil were not emaciated, 
and all appeared superficially to be in good health. 
No abnormal haemorrhage was noticed in any of 
the rats receiving either oil. 

The incidence of uterine haemorrhage in relation to 
the vitamin A intake. In all these experiments on 
reproductive abnormalities uterine haemorrhage 
therefore only resulted when excess of vitamin A 
was given within 10 days after coitus. The incidence 
of haemorrhage in rats given oils within this period 
may be summarized: 


Daily vitamin A intake Incidence of uterine 


(i-u.) haemorrhage 
40,000 6 out of 13 
1,000 1 out of 11 
0-200 0 out of 8 


Haemorrhage in adult non-pregnant rats given 
excess of vitamin A. In the experiments on the 
effects of vitamin A acetate on pregnant rats, 
described in a preceding paragraph, haemorrhage 
in sites other than the uterus was observed in three 
instances. In two animals subcutaneous haemor- 
rhages were found in the hind legs. A careful 
examination failed to reveal any corresponding 
fracture of the bones. The third rat apparently bled 
to death as the result of a minor injury caused by 
self-inflicted scratching behind the ear. 

We have also observed haemorrhage in some male 
rats which for the purpose of another investigation 
had been given a diet deficient in vitamin E, with 
the subsequent addition of 36,000 i.u. of vitamin A 
daily as halibut-liver oil. Only two out of six rats 
were affected. One died suddenly after receiving 
the halibut-liver oil for 17 days. There was no pre- 
monitory loss in weight, and at autopsy normal 
intraperitoneal and subcutaneous fat deposits were 
found. The cause of death was massive haemorrhage 
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in the spleen, the capsule of which was detached and 
greatly distended with blood. The second rat, which 
in addition to halibut-liver oil received adequate 
doses of tocopherol, suffered sudden and complete 
paralysis of the hind legs after 18 days, again without 
any loss in weight. Post-mortem examination re- 
vealed haemorrhage in and around the bladder, in 
the pectoral muscles, and inside the cranial cavity 
at the base of the skull. 


DISCUSSION 


The lesions in hypervitaminosis A. The results 
described above indicate that vitamin A in the 
purest available form is toxic when given in great 
excess. It is improbable, however, that all the types 
of lesions which have been reported as the result of 
overdosing with crude concentrates are equally 
specific. Skeletal fractures and haemorrhages are, 
in our experience, the most characteristic lesions in 
genuine hypervitaminosis A. The fractures occur 
most consistently in young growing rats, and were 
found without exception in the present experiments. 
Haemorrhage is also frequent, if not invariable, in 
the fractured limbs. In adult rats the bones are 
probably more resistant to fractures, since we de- 
tected no breakages in our older animals. Haemor- 
rhage, however, was frequent, although irregular in 
its incidence, distribution and severity. Bleeding 
was sometimes found in the limbs of rats which 
appeared to be in good health before they were 
killed. In others heavy internal haemorrhage into 
the viscera, or external haemorrhage through a 
minor wound, was rapidly fatal. The uterine haemor- 
rhage in pregnant rats, originally described by 
Hartwell (1927), appears to be a special manifesta- 
tion of the general liability to haemorrhage in 
hypervitaminosis A. 

In many of our animals a rawness of the skin was 
often seen around the eyes, nose and mouth. This 
injury was undoubtedly due to overdosing with 
vitamin, but in view of the wide variety of oils 
which produce skin lesions it is to be considered a 
less specific lesion than fracture or haemorrhage. 
We have been unable to reproduce the fatal cramps 
which Matsuoka (1934) observed as the result of 
injecting vitamin A concentrates. He was, however, 
fully aware that the effect could be produced by 
substances other than vitamin A. 

Hypervitaminosis A and scurvy. Mouriquand & 
Michel (1922) claimed that cod-liver oil antagonized 
vitamin A in guinea-pigs, causing scurvy even when 
lemon juice was given. Collett & Eriksen (1938) 
supported this contention with regard to cod-liver 
oil, but found that a moderate excess of vitamins 
A and D had no injurious effect. Although normally 
the rat is not liable to scurvy, since it is able to 
synthesize ascorbic acid, Vedder & Rosenberg (1938) 





















PS a a ees a rN ee ee 































ye _ & Se’ mm DQ 


~— 


= = = 


~~" 


Vol. 39 


have more recently pointed out that the symptoms 
which they observed in their animals given excess 
of fish-liver oil suggested this disease. Thus failure 
of growth and abnormal fragility of the bones were 
associated with haemorrhage. In their experiments 
bleeding occurred particularly at the eyes and nose, 
but also in mucous membranes in other sites. Our 
observations of intramuscular and subcutaneous 
haemorrhage in the limbs brings the picture in 
hypervitaminosis A even nearer to that seen in 
scurvy. According to Hess (1920) haemorrhages 
into the muscles or between the muscle planes are 
very common in scurvy in adult human subjects, 
while similar haemorrhages are also frequent in 
experimental scurvy in the guinea-pig. Massive 
haemorrhages in the viscera, which often occurred 
in our adult rats, are less frequent in the human 
subject, but Eddy & Dalldorf (1941) state that 
bleeding may take place in any organ, and may 
vary in size from petechiae to huge extravasations. 
Their report of a case of fatal haemorrhage into the 
pericardium in a human subject recalls the obser- 
vation of the same lesion in a hypervitaminotic rat 
by Rodahl & Moore (1943). 

The finding that young rats are more prone to 
bone fractures than older animals also recalls the 
greater incidence of skeletal lesions in infantile than 
in adult human scurvy. It must be noted, however, 
that in rats with hypervitaminosis fractures near 
to the centre of the shaft of the bone are the most 
prominent feature. The separation of the epiphysis, 
and fractures in the region near the growing end of 
the bone to which the human infant is particularly 
vulnerabie, are sometimes present, but perhaps less 
conspicuous. 

A detailed discussion of the points of similarity 
and difference between the gross lesions in hyper- 
vitaminosis A and in scurvy is made difficult by the 
variations which exist between the three modifica- 
tions of scurvy as found in juvenile and adult human 
subjects and in the experimental guinea-pig. Even 
if we were to make the assumption that the symp- 
toms in hypervitaminosis A are due to a conditioned 
form of scurvy, it would be too much to expect that 
the combination of lesions in the rat should either 
resemble one particular form of scurvy as found in 
another animal, or should include all the lesions 
which are found in all forms of scurvy. While, 
however, the anatomical resemblance between the 
lesions in hypervitaminosis A and in scurvy is in 
our opinion largely dependent on our interpretation 
of what the term ‘scurvy’ implies, we have been 
unable to confirm the view that a secondary de- 
ficiency of vitamin C can be detected in hyper- 
vitaminosis A by biochemical means. Thus we were 
unable with pure vitamin A acetate either to repeat 
the observation of Vedder & Rosenberg (1938) that 
ascorbic acid affords protection against excess of 
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vitamin A concentrate, or to detect any abnor- 
mality in ascorbic acid metabolism in our hyper- 
vitaminotic rats. 

Hypervitaminosis A and vitamins D and B. 
Thoenes (1935) has asserted that vitamins A and D 
are antagonistic, and Gross-Selbeck (1935) has re- 
ported that liberal dosing with vitamin A affords 
protection against injury through excess of vita- 
min D. The reverse finding of Vedder & Rosenberg 
(1938) that vitamin D (50,000 i.u. daily) gives pro- 
tection against excess of vitamin A concentrate is 
therefore not surprising. In our experiments, how- 
ever, no benefit was derived from doses of 1 mg. of 
calciferol. In view of the toxicity of great excess 
of calciferol it may be necessary to adjust the dose 
carefully in order to provide protection against 
excess of vitamin A, and our findings must be taken 
to indicate only that no protection was exerted at 
the levels chosen. Additional allowances of the 
vitamin B complex have also been found to be 
beneficial to animals given excess of marine oils 
(Harris & Moore, 1928; Bell, Gregory & Drummond, 
1933). According to Yamamoto (1934) and Yoshida 
(1937), however, the extra vitamin B complex, of 
which the active constituent is riboflavin, counter- 
acts the injurious effect of higher unsaturated acids 
rather than of vitamin A. In the present experiment 
the effect of varying the allowance of the vitamin B 
complex was not investigated systematically, but 
such changes as were made from time to time had 
little or no obvious effect on the development of 
hypervitaminosis A. 


SUMMARY 


1. Hypervitaminosis A was induced in rats by 
giving them orally massive doses of either crystalline 
vitamin A acetate or halibut-liver oil. 

2. The most characteristic lesions were skeletal 
fractures, which occurred most consistently in young 
animals, and internal or external haemorrhage. 
These injuries bore some superficial resemblance to 
those found in human and experimental scurvy. 

3. The uterine haemorrhage in pregnant rats 
given excess of cod-liver oil, first reported by 
Hartwell, was reproduced in animals given excess 
of cod-liver oil, halibut-liver oil or vitamin A 
acetate. This haemorrhage appears to be a special 
manifestation of the general liability to haemorrhage 
in hypervitaminosis A. 
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Note added in proof 30 July 1945. Since this paper was 
written, Light, R. F., Alscher, R. P. & Frey, C. N. (1944, 
Science,100, 225) havereported that hypoprothrombinaemia, 
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Several workers have shown that Cl” retards the 
aerobic oxidation of ascorbic acid by Cu (De Caro 
& Giani, 1934; Kellie & Zilva, 1935; Mystkowski & 
Lasocka, 1939). Mapson (1941) found that Br™ 
and I inhibited this reaction even more than does 
Cl, but that F” had no inhibitory effect. Moreover, 
at low concentrations, the ions Cl, Br and I” 
increased the catalytic activity of the Cu in the 
reaction, the degree of acceleration being influenced 
inter alia by pH, concentration of Cu and oxygen 
tension. An attempt has been made in the present 
work to determine the mechanism by which the 
halide ions act on this system. 
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which often causes cerebral haemorrhage, may be induced 
in rats by massive doses of vitamin A, and may be prevented 
by the simultaneous addition of vitamin K. 
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EXPERIMENTAL 
Methods 


Reagents. The chemical salts used were of A.R. purity. 
Glass-distilled water was used. 

Peroxidase. Szent-Gyérgyi (1928), Tauber (1936) and 
Huzak (1937) found that only crude preparations of per- 
oxidase were able to promote the oxidation of ascorbic acid 
by H,O,, whereas purified preparations were unable to do 
so. This we were able to confirm. Dr T. Mann kindly set at 
our disposal a series of peroxidase preparations ranging 
from crude extracts to material of high purity; the purest 
preparations had no catalytic effect on the oxidation of 
ascorbic acid by H,O0,, though they did after the addition 
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of carriers such as flavone. The peroxidase preparation used 
jn the experiments in this paper had a purpuro-gallin number 
of 430 and contained a sufficient concentration of natural 
carrier to render it effective in catalyzing the oxidation of 
ascorbic acid by H,O,. 

Catalase. A preparation was made according to the 
method of Sumner & Dounce (1937). 

Ascorbic acid. Estimations of ascorbic acid were carried 
out by titration against standard 2:6-dichlorophenolindo- 
phenol. Solutions were mixed with an equal volume of 10% 
HPO, before titration against the dye; under such condi- 
tions H,O, does not interfere in the estimation. 

Anaerobic oxidation of ascorbic acid by H,O,. Solutions 
under test were first freed of O, by the passage of 
0,-free N,. Ascorbic acid and H,O, were added and the re- 
action followed by determining the ascorbic acid content of 
the solution at different time intervals. Throughout the 
experiment O, was excluded by passing a continuous stream 
of N, through the solutions. 

Aerobic oxidation of ascorbic acid. Air was bubbled 
through the solutions throughout the experiment, the 
ascorbic acid content being determined at different time 
intervals. 

Reduction of cupric salts by ascorbic acid. The rate of 
reduction of cupric salts was measured by determining the 
rate of decolorization of blue cupric salt photometrically. 
In those cases in which the reaction was very rapid, its 
progress was followed by the use of the continuous flow 
apparatus originally devised by Hartridge & Roughton 
(1923), and recently used in conjunction with a photoelectric 
colorimeter by Harris & Mapson (1944) for the determination 
of the rate of reaction of certain reductants with the indo- 
phenol dye. Solutions were freed of O, before use to prevent 
reoxidation of the cuprous salts formed in the reaction. 

Oxidation of cuprous salts by air or O,. The progress of 
the reaction was followed by estimating the cuprous content 
of solutions at different time intervals. Cuprous salts were 
determined by oxidation with a solution of indophenol dye 
previously mixed with 10% HPO , the excess dye being 
determined by back titration against ascorbic acid. 

Oxidation of cuprous salts by H,O,. Owing to the rapidity 
of this reaction its progress was followed by measuring in 
the flow apparatus the rate of production of the blue colour 
of the cupric salt formed on oxidation. Solutions were freed 
of O, before use. 


RESULTS 


The formation of H,O, during the aerobic oxidation 
of ascorbic acid catalyzed by Cu 


Barron, De Meio & Klemperer (1936) first postulated 
that H,O, was formed during the aerobic oxidation 
of ascorbic acid catalyzed by Cu. Lyman, Schultze 
& King (1937) and Dekker & Dickinson (1940) 
showed that a peroxide, assumed then to be H,O,, 
was produced during the reaction; the former 
workers showed this by observing that the O, ab- 
sorption during the reaction was greater than the 
theoretical amount needed, and could not be ac- 
counted for by the further oxidation of the dehydro- 
ascorbic acid; the latter workers reached the same 
conclusion because they obtained a positive test 
with titanium sulphate. This view was subsequently 
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supported by Steinman & Dawson (1942), who 
showed that the O, absorption was always greater 
than that theoretically expected, unless catalase 
was present. We have confirmed that an O, uptake 
of one atom of O, per molecule of ascorbic acid is 
obtained only when catalase is present. Without 
the enzyme, the O, uptake is greater than this. 


Exp. 1. Solutions of ascorbic acid containing Cu in smal] 
amounts were aerated until some 50% of the ascorbic acid 
had been oxidized; the unoxidized ascorbic acid was then 
oxidized by titration with indophenol dye. The resulting 
solution was then divided into several portions, to each of 
which the following tests were applied. 


Result 


Immediate development of 
colour due to oxidation of 
leuco-indophenol dye 


Enzyme added 
(1) Peroxidase 


(2) Catalase No development of colour 


(3) Catalase, followed in 
30 sec.—1 min. by per- 
oxidase 


No development of colour 


Control solutions of ascorbic acid which had been com- 
pletely oxidized by indophenol dye did not give a positive 
reaction unless peroxidase and H,O, were added. The oxida- 
tion of the leuco-indophenol dye by the experimental solu- 
tions to which peroxidase was added, and the prevention 
of this oxidation by the prior addition of catalase, indicates 
the formation of H,O,, since no other peroxide is known 
to be decomposed by catalase. 

Exp. 2. On addition of H,O, to a strong solution of 
peroxidase the brown colour of the solution turns red and 
a peroxidase-H,O, complex is formed, which gives a spec- 
trum showing two absorption bands at 561 and 530-5myz. 
(Keilin & Mann, 1937). Such a spectrum was readily given 
by a solution of ascorbic acid to which both cupric ions and 
a peroxidase preparation had previously been added. Con- 
trol tests showed that such a spectrum was not obtained 
when the peroxidase preparation was added to solutions of 
ascorbic acid, or to cupric ions, or to both, if oxidation of 
the vitamin was prevented. 

Exp. 3. That the H,O, formed in the Cu-catalyzed 
aerobic oxidation of ascorbic acid may, in the presence of 
an appropriate catalyst, be used to oxidize additional 
ascorbic acid was shown by the increase in the rate of 
reaction when a suitable peroxidase preparation was added 
(Fig. 4B). In the absence of Cu, the enzyme preparation 
caused no oxidation of the ascorbic acid. 


The catalytic effect of C1" on the Cu-catalyzed 
anaerobic oxidation of ascorbic acid by H,0, 


Dekker & Dickinson (1940) showed that the rate 
of oxidation of ascorbic acid when catalyzed by Cu 
was increased by small amounts of H,O,. In the 
absence of oxidizable substrates, Cu activates the 
decomposition of H,O,, an effect intensified by the 
presence of NaCl (Mystkowski, 1942). Mystkowski 
(1942) also found that NaCl inhibited the oxidation 
of ascorbic acid by H,O, in the presence of Cu. 
From the experimental data given it appears that 
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these reactions with H,O, were studied in the pre- 
sence of O,, and the effect of Cl” on the reaction of 
ascorbic acid with H,O, may have been obscured 
by an effect on the reaction with O,, since the halide 
ion may retard the aerobic oxidation but accelerates 
the corresponding reaction of ascorbic acid with 
H,0, (see below). That this was so seems probable 
from Mystkowski’s data. 
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dependent on the presence of Cu. In the complete absence 
of Cu, Cl” had no influence on the reaction. Thus ascorbic 
acid was not oxidized by H,0, in solutions free of Cu, nor 
was there any oxidation when halide ions were added. 
The conclusion that the effect of the Cl” was due to its 
activating influence on the Cu is supported by the observed 
relationship between the accelerating effect of the Cl” on 
the oxidation and the Cu content of the solution. The 
magnitude of the effect of the Cl” was proportional to the 


10 20 30 40 


Time (min.) 


Fig. 1. Influence of Cl” on the rate of anaerobic oxidation of ascorbic acid by H,O,. In both Exps. A and B, 0-57mm- 
ascorbic acid was present in a solution containing 2-5yg./ml. Cu, 0-8mm-H,O, together with the different molar 
concentrations of KCl indicated by the figures on the curves. In Exp. A, 0-1M-acetic acid was present, while in 


Exp. B the solution contained 0-05m-citric acid. 


When Cu was present Cl’ markedly increased the 
rate of oxidation of ascorbic acid by H,O,. The 
effect of the Cl” was inter alia dependent on three 
factors: (1) concentration of halide, (2) concentra- 
tion of Cu, and (3) pH. 


Exp. 4. Concentration of halide. The influence, on the 
reaction, of KCl in concentrations varying from 0-05to 3-0m 
in solutions of 0-1M-acetic and 0-05M-citric acids, is illus- 
trated in Fig. 1. The catalytic effect of the Cl” was propor- 
tional to its concentration, and, unlike the corresponding 
effect of the halide ion on the reaction of ascorbic acid 
with O,, there was no reversal of the effect on increasing 
the concentration of the halide salt to 3m. Br , like Cl, 
similarly caused an acceleration in the rate of the reaction 
in the concentrations used (0-05-0-4M). 

Exp. 5. Concentration of Cu. The effect of the Cl in 
activating the ascorbic acid-H,O, reaction was found to be 


concentration of Cu present (Fig. 2). A similar relationship 
was shown to exist for the effect of the CI” in the reaction 
of ascorbic acid with O, (Mapson, 1941). 

Exp. 6. pH. The influence of pH on the catalytic effect 
of the Cl in the reaction of ascorbic acid with H,0, is 
shown in Fig. 3; the optimum pH was within the range 
2-70-3-3. These results were obtained with buffer solutions 
containing various proportions of 0-05M-citric acid and 
citrate; essentially similar results were obtained with mix- 
tures of acetic acid and acetate. 


Comparative effect of a peroxidase preparation and 
Cl on the aerobic oxidation of ascorbic acid 


That Cl” accelerates the Cu-catalyzed reaction 
between H,O, and ascorbic acid was at first con- 
sidered to be the main cause for the accelerative 
effect of the Cl” on the Cu-catalyzed reaction of 
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Fig. 2. Relation between concentration of Cu and catalytic activity of CI” on the reaction of ascorbic acid with H,0,. 
Solutions contained 0-57mm-ascorbic acid and 0-8mm-H,0,, together with different concentrations of Cu. Temp. 
20°, and oxidation period 15 min. 

Fig. 3. Influence of pH on the activity of Cl” on the reaction of ascorbic acid with H,O,. 0-57mm-ascorbic acid and 
2-5yg./ml. of Cu were both present in solution in 0-5M-citric acid-citrate mixtures. The Cl” was used in a concentra- 
tion of 0-2m. Temp. 20°. 
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ascorbic acid with atmospheric O, (Mapson, 1941). 
On this view the influence of the Cl” would be due 
to its catalytic effect on reaction (2) in the scheme 
shown below: 


C—OH 


/ i 


(2) A | i —+ «A 
| Cu 


| NI 
C—OH C=O 
That this theory does not completely explain the 


mechanism of the action of Cl. was shown in the 
following experiment. 


Exp. 7. The relative effect of Cl” and peroxidase on the 
rate of oxidation.of ascorbic acid by H,O, and atmospheric 
O., in the presence of Cu, is shown in Fig. 4. The concen- 
tration of halide salt used was 0-2m, which had previously 
been found to give the optimal accelerating effect of Cl” 
on the Cu-catalyzed aerobic oxidation of ascorbic acid 
(Mapson, 1941). Fig. 4A shows that the acceleration in the 
oxidation of ascorbic acid by H,O,, due to the added 
peroxidase, was approximately twice as great as that due 
to the added Cl’. In the aerobic oxidation (Fig. 4B) the 
Cl’ had a catalytic effect nearly twice as great as that due 
to the peroxidase. If the accelerating effect of the Cl” in 
the Cu-catalyzed aerobic oxidation of ascorbic acid is due 
simply to an acceleration in the reaction of ascorbic acid 
with the H,O, formed during the reaction, the peroxidase 
should have accelerated the aerobic oxidation at least as 
much as the CI. 

Moreover, in other experiments it was found that the O, 
absorbed per molecule of ascorbic acid oxidized, when the 
accelerating effect of Cl” in the aerobic oxidation was most 
marked, was not invariably smaller in the presence of Cl” 
than in its absence, as would be expected if the halide ion 
accelerated reaction (2) but not reaction (1). 


H,O, reaction catalyzed by Fe salts 

Exp. 8. The catalytic effect of iron salts on oxidative 
reactions with H,O, is well known. Unlike the effect of Cl” 
on the Cu-catalyzed reaction, the rate of oxidation of 
ascorbic acid by H,O, catalyzed by Fe was not affected by 
the addition of Cl. The solutions tested contained Fe as 
ferrous sulphate in a concentration of 2-5ug./ml., 0-57 mM- 
ascorbic acid, 0-8 mm-H,O,, and 0-1-0M-KCl, in a phosphate- 
citric acid buffer pH 4-5. 50% of the ascorbic acid was 
oxidized within 50 min. 


Influence of Cl” on the cupric-cuprous system 


Rate of reduction of cupric salts by ascorbic acid 


Exp. 9. When ascorbic acid was added to a solution of 
cupric acetate in 0-1M-acetic acid the blue cupric salt was 
reduced to the yellowish cuprous salt which, in the absence 
of Cl, decomposed depositing Cu,O0. For this reason it was 
difficult to follow photometrically the rate of reaction of 
the cupric salt with ascorbic acid. If, however, a certain 
minimum concentration of Cl” was present the cupric salt 
was reduced to colourless CuCl, which, in the presence of 
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sufficient Cl, remained in solution. Such experiments 
showed that the rate of the reaction was progressively 
accelerated by increasing the concentration of Cl” (Fig. 5A). 
The lowest Cl" concentration in the reacting solutions which 
it was found possible to use was 0-15M, and even in this 
concentration CuCl precipitated on standing. Owing to the 
rapidity of the reaction the rate of the reduction of the 
cupric ion could be measured before the precipitate of the 
cuprous salt appeared. With the higher concentrations of 
chloride there was no difficulty. 

Even in the absence of other anions, Cl” accelerated the 
reduction of the Cut++ by ascorbic acid. Thus if ascorbic 
acid was added to a solution of CuCl, in water the cupric 
salt was reduced, the rate of this reaction being progressively 
accelerated by increasing concentrations of CI. 

Exp. 10. In solutions in which substances like glycine 
or citrate were present in concentrations of 0-05 and 0-2m, 
respectively, there was no significant reduction of the cupric 
salt by twice the equivalent amount of ascorbic acid, within 
a period of 2-3 min. at 20°. The reduction of the cupric salt 
was again accelerated by the addition of Cl’, the rate of 
the reaction being increased with increasing concentrations 
of the halides (Fig. 5B). 

Br’ also catalyzed these reactions to a degree which was 
somewhat greater than equivalent concentrations of CI. 
Anions such as NO;, SOj, or PO had no influence on the 
reaction. 

In his experiments on the Cu-catalyzed aerobic oxidation 
of ascorbic acid, Mystkowski (1942) noticed the deposition 
of Cu,O, more being formed in the absence of Cl” than in its 
presence. From this he concluded that the inhibitory action 
of the Cl” was due to an inhibition of the Cut++ > Cut 
reaction. This interpretation of the results may be criticized 
on the grounds that the amount of Cu,0 deposited does 
not necessarily represent the true cuprous ion content, for 
Cu* is more soluble if Cl” is present in sufficient quantity. 


Rate of aerobic oxidation of the cuprous ion 


Exp. 11. The influence of the ions, F’, Cl” and Br’, on 
the aerobic oxidation of the Cu+, was studied. 400 mg. CuCl 
were dissolved in the absence of O, in 50 ml. of 2m-KCl 
containing either 0-1M-acetie acid or 0-1M-citric acid. 
One ml. of this stock solution was then added to 49 ml. of 
the solution in which the reaction was to be tested, and 
which had previously been freed from O,. Air or oxygen 
was then bubbled through the solution at a rate of 1 1./min. 
The results (Fig. 6) show that the rate of oxidation was 
progressively retarded as the concentration of the Cl” was 
increased. 

Br’ in equivalent concentration retarded the oxidation 
of the cuprous ions to a greater extent than Cl, but F’ in 
concentrations up to 1m had no influence. I” could not 
be tested since it reacts with the cupric salts formed on 
oxidation. Other anions such as NO;, SOF and PO; 
had no significant influence. 

The rate of the reaction depended also on the O, tension 
for, when air was replaced by O,, the inhibitory influence 
of the halide was reduced (Fig. 7). 

Since the retarding effect of halide salts on the oxidation 
of Cu+ might have been due simply to a reduction of 0; 
tension, we studied the reaction under conditions in which 
the O, tension was approximately the same, but in which 
the concentration of Cl” was different. This was achieved 
by studying the rate of oxidation of the Cu* (0-0016m) in 
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Cupric salt remaining (%) 


0 02 0-4 0°6 
Time (sec.) 
Fig. 5. Influence of Cl” on the reaction between ascorbic acid and Cut++ salts. 
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0 5 10 15 20 25 30 
Time (sec.) 
In Exp. A, 0-01M-ascorbic acid was 


allowed to react with an equal volume of a solution of 0-02M-cupric acetate in the presence of different concentra- 
tions of NaCl. In Exp. B, 0-01M-ascorbic acid was allowed to react with 0-01M-cupric acetate in solution in 0-1M- 


acetic acid containing 0-05m-glycine in the presence of different concentrations of NaCl. 


In both experiments, the 


molar concentrations of NaCl present are indicated by figures on the curves. Temp. 20°. 


solution in 0-1 m-acetic acid and 0-05m-NaCl in equilibrium 
with air (solution A), and in a similar solution, in equilibrium 
with O,, in which the concentration of NaCl was 4-75M 
(solution B). The data show that the inhibitory action of 
the Cl” was not due solely to a reduction in the O, tension. 


Cuprous 
salt 
Time oxidized 
. (sec.) (% 
Solution A (aerated) 30 74 
60 92 
Cuprous 
salt 
Time oxidized 
(min.) % 
Solution B (O, passed through) 1 3 
7 13 
15 22 
30 36 


Formation of H,O0, during the oxidation of cuprous 
salts 


Traube (1882) detected the formation of H,O, during the 
oxidation of cuprous salts by air. We have been able to 
confirm this fact by the following tests. When sparingly 
soluble cuprous chloride was shaken with water, the solution 


gave a positive reaction for H,O, with the peroxidase- 
indophenol test described earlier, but a negative reaction 
if catalase was added prior to the addition of peroxidase. 
In addition, a faint spectrum of the peroxidase-H,O, com- 
plex could be detected on the addition of peroxidase. It 
was, however, more difficult to get positive reactions in 
solutions in which there was an excess of soluble cuprous 
ions, for the H,O, formed during the oxidation rapidly 
reacted with excess of the former. 


Rate of oxidation of cuprous salts by H,O, 


Exp. 12. The rate of oxidation of cuprous salts was 
studied with H,O, as the oxidizing agent. A solution of 
CuCl (0-081 M), in M-KCl containing either 0-1M-citrie acid 
or 0-2M-acetic acid, was allowed to react with an equa 
volume of an equivalent solution of H,O,. In the fina 
reaction mixture this gave a concentration of 0-5m-KCl, 
which was the minimum concentration that could be used 
to keep the cuprous salt in solution. For the higher con- 
centrations of Cl” used, additional KCl was added to the 
H,0, solution. 

The rate of oxidation of the cuprous salt in such solutions 
is shown in Fig. 8. In contrast to the results of the corre- 
sponding experiments on the oxidation of the cuprous salt 
by atmospheric O,, the rate of the reaction was unaffected 
by alteration of the concentration of Cl” from 0-5 to 2M. 
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Cuprous salt remaining (%) 





0 5 10 15 0 b 10 15 
Time (min.) Time (min.) 

Fig. 6. Influence of CI” and Br on the oxidation of cuprous salts by air. In both Exps. A and B, the solution contained 
0-0016M-CuCl with different molar concentrations of either KCl or KBr. The molarity of the halide salts present 
is indicated by figures on the curves. In Exp. A the solution contained 0-1Mm-acetic acid, in Exp. B the solution 
contained 0-1M-citric acid. Temp. 20°. 





Fig. 7. Effect of O, tension on the inhibitory action of Cl” 
on the oxidation of cuprous salts. The solution contained 
0-0016M-CuCl in 0-1M-citric acid together with ditferent 
molar concentrations of KC} indicated by the figures on 
curves. Air was passed through the solutions indicated 
by curves marked e e, and O, through solutions 
indicated by curves marked + +. Temp. 20°. 








Cuprous salt remaining (%) 





Time (min.) 





1945 


ned 
sent 
tion 





Vol. 39 
100 


60 


40 


uprous salt remaining (%) 


C 


20 


0 0°5 1-0 
Time (sec.) 


OXIDATION OF ASCORBIC ACID 


235 





0 0-5 1-0 1-5 
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Fig. 8. Influence of Cl” on the oxidation of cuprous salts by H,O,. In Exp. A a solution of 0-08m-CuCl in M-KCl and 
0-1m-citric acid was allowed to react with an equal volume of a solution of 0-04mM-H,O,, to which for the higher 
concentrations of KCl used further KCl was added. The molarity of KCl in the final reaction mixture is indicated as 


aM-KCl, x 








follows: e——e 0-5m-KCl, a 
in the CuCl solution. Temp. 20°. 


DISCUSSION 
Many of the observed effects of Cl” on the Cu- 
catalyzed oxidation of ascorbic acid by O, and H,O, 


may possibly be explained by the influence of the 
halide on the following reactions: 


C—O 


/| 
+2Cut+t —+> A | +2Cut +2H+, 
\) 
C=O 
(2) 2Cu+ +2H+ +0, ——> 2Cut+ + H,0,, 
(3) 2Cu+ +2H+ +H,O, ——~ 2Cut++ +2H,0. 


Kodicek & Wenig (1938) proposed a similar 
scheme for reaction (1) based on the fact that when 
ascorbic acid was added to a solution of cupric ions, 
in the absence of O,, a polarographic wave appears 
on the current-voltage curve, which is due to the 
deposition of free hydrions. A scheme representing 
the mechanism of the aerobic oxidation of ascorbic 
acid, similar to that above, was postulated by 


x 2-Om-KCl. In Exp. B, 0-2M-acetic acid replaced 0-1 m-citric acid 


Barron et al. (1936), the chief difference being that 
they considered the H,O, formed in reaction (2) to 
be immediately decomposed into H,O and O,. That 
the latter explanation is not entirely true is shown 
by the fact that at the end of the reaction the 
absorption of O, is always greater than the ratio 
of one atom of O, per molecule of ascorbic acid 
oxidized, unless ‘catalase is present. The value of 
this ratio is never 2 (which would be expected if the 
H,O, formed was not used in a secondary reaction 
or not decomposed) but usually about 1-2—1-8 (see 
Steinman & Dawson, 1942). This is more likely to 
be due to a reaction of H,O, with the cuprous salt 
formed in reaction (1), than to the partial decom- 
position of H,O, into H,O and O,. At 20° with 
H,O, (0:008m) and Cu (5yg./ml.) there was little 
or no decomposition of the peroxide, which was not 
increased by adding KCl in concentrations up to 2M. 

The experimental results described in this paper 
show that reaction (1) is accelerated by the Cl , 
reaction (2) is retarded, whilst reaction (3) is un- 
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affected. The influence of the Cl” on these reactions 
may explain the observed effect of Cl” on the aerobic 
oxidation of ascorbic acid, and the corresponding 
reaction with H,O,. Under aerobic conditions, in 
which all three reactions may occur, the accelerative 
influence of small concentrations of Cl” on the 
oxidation of ascorbic acid might be interpreted as 
indicating that the effect of the Cl in inhibiting 
reaction (2) is more than compensated by its accele- 
rative effect on reaction (1). It has been shown 
(Mapson, 1941) that the magnitude of the accele- 
rative effect of the Cl" and the range of concentration 
of the Cl, over which this effect on the Cu-catalyzed 
aerobic oxidation of ascorbic acid was observed, 
was progressively increased by raising the O, ten- 
sion. This agrees with the fact that an increase in 
O, tension reduces the inhibiting effect of the Cl in 
reaction (2). Similarly, the smaller effect of low 
concentrations of Br- in accelerating the aerobic 
oxidation of ascorbic acid is consistent with the 
greater activity of this ion in inhibiting reaction (2) 
than an equivalent concentration of Cl’. 

The effect of the larger amounts of halide ions, in 
reducing the rate of the Cu-catalyzed aerobic oxida- 
tion of ascorbic acid, agrees with their marked effect 
in inhibiting reaction (2). The relatively greater 
efficiency of Br than Cl, and the negative effect of 
the F’ , in reducing the rate of oxidation of ascorbic 
acid, is in accordance with the experimental obser- 
vations of their effect on reaction (2). 

The scheme also explains the accelerative in- 
fluence of Cl” on the Cu-catalyzed oxidation of 
ascorbic acid by H,O,. In this case there is no 
reversal of the effect of the halide ion when its 
concentration is increased, for reaction (2) is not 
involved and the corresponding reaction (3) is not 
retarded. The end result is that the rate of oxidation 
of the vitamin is progressively increased by raising 
the Cl” concentration. 

That the effective concentration of Cl” should be 
related, in all these reactions, to the concentration 
of Cu present, is to be expected on the basis of an 
increase in the concentration of the active catalyst. 


L. W. MAPSON 
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The influence of the Cl” on reaction (2) is most likely 
due to the complex salt formed between the Cut 
and Cl’, and to a lowering of O, tension in solution. 
The reason for the accelerative effect of the Cl” on 
reaction (1) is not at present clear and requires 
further investigation. 


SUMMARY 


1. Hydrogen peroxide is formed during the Cu- 
catalyzed aerobic oxidation of ascorbic acid; it is 
also formed during the oxidation of cuprous salts. 

2. Chloride ions, in concentrations up to 3M, 
accelerate the Cu-catalyzed anaerobic oxidation of 
ascorbic acid by H,O,; Cl” has no effect on the 
reaction in the absence of Cu. 

3. The influence of Cl” on the ascorbic acid-H,0, 
reaction varies with (1) the concentration of Cl ; 
(2) the concentration of Cu; and (3) the pH of the 
solution. Unlike the effect of Cl” on the aerobic 
oxidation of ascorbic acid, there is no reversal of 
the effect of the Cl” with increasing concentration 
of the latter; an increase in concentration of the 
halide ion produces a progressive acceleration in 
the rate of reaction of ascorbic acid with H,O, in 
the presence of Cu. 

4. Chloride ions accelerate the rate of reduction 
of Cut++ by ascorbic acid, but inhibit the oxidation 
of the Cu+ by O,; the oxidation of the Cut by H,0, 
is not affected. 

5. It is concluded that the influence of Cl” on 
the Cu-catalyzed aerobic oxidation of ascorbic acid 
and on the reaction with H,O, may possibly be 
explained by its influence on the cupric-cuprous 
system. 


I wish to express my thanks to Dr T. Mann for his help 
with the peroxidase experiments, to Dr L. J. Harris for his 
interest and advice, and to acknowledge the valuable tech- 
nical services rendered by Mr B. Constable. 

The work described in this paper was carried out as part 
of a programme of the Food Investigation Board, by 
arrangement with the Medical Research Council. 
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Oxalate Content of some Leafy Green Vegetables and its Relation to 
Oxaluria and Calcium Utilization 


By A. A. HOOVER anv M. C. KARUNAIRATNAM, Faculty of Medicine, 
University of Ceylon, Colombo 


(Received 23 March 1945) 


Since the work of Fincke & Sherman (1935) on the 
availability of the calcium of spinach, it is generally 
agreed that the presence of oxalates in the food 
impairs the absorption of calcium. Confirmatory 
findings on dog, man and rat have been reported 
by McClugage & Mendel (1918), Fincke & Garrison 
(1936), and Fairbanks & Mitchell (1938). Fairbanks 
& Mitchell (1938) state that the addition of sodium 


‘oxalate to diets of skimmed milk powder depresses 


the calcium utilization by 24-38 % . The interference 
of phytic acid with the utilization of calcium of 
cereals has also been recognized for some time, and 
it has found practical application in England where 
14 oz. (370 g.) of calcium carbonate are added to 
every 280 lb. (129 kg.) of 85% flour to neutralize 
the effect of phytic acid in wheat (Peters, 1942). 

It is obvious from these facts that calcium deter- 
minations on foodstuffs are of little significance 
from the nutritional point of view, unless taken in 
conjunction with the oxalic or phytic acid content 
or both. Thus Fairbanks & Mitchell (1938) found 
that the calcium of spinach (Ca, 0-086%; oxalic 
acid, 0-29-0-69 %) was hardly used by the rat. 

Closely associated with this problem is the inci- 
dence of oxaluria following the ingestion of oxalate- 
rich foods. Though this fact has been known for a 
long time, reliable and comprehensive data on the 
oxalate content of foods have been lacking until 
recently when Kohman (1939) published figures for 
the oxalic acid content of a large number of food- 
stuffs. In view of the low calcium in the dietary of 
the average Cingalese (Nicholls & Nimalasuriya, 
1939), the availability of calcium in relation to the 
oxalic acid content of the diet is a problem of some 
importance to tropical nutrition. We have therefore 
estimated the oxalic acid of some of the indigenous 
foodstuffs, and have confined ourselves to leafy 
green vegetables which meet most of the mineral 
and vitamin requirements of the Cingalese. 


METHODS 


The stalks and stems were discarded and only the leaves 
were used, in order to obtain reproducible results. They 
were spread in thin layers on stainless steel wire mesh for 
24 hr. at room temperature (28°) and later dried in an air 
oven at 60°. The dried material was finely powdered. 


Calcium. Ca determinations on this material were carried 
out according to the method described in the Technical 
Communication No. 9 of the Imperial Bureau of Animal 
Nurition (1937). 

Oxalic acid. The method used was that of Arbenz as 
described by Nelson & Mottern (1931), with certain modifi- 
cations. Preliminary experiments showed that (1) oxalic 
acid was not destroyed during acid digestion of the powdered 
material, (2) during concentration of the acid digest there 
was considerable loss of oxalic acid even at 60° (this loss is 
attributed to decomposition of the oxalic acid formed on 
the sides of the evaporating basin), and (3) 20-30 hr. ex- 
traction with ether was necessary for the complete removal 
of oxalic acid when a Quickfit continuous-flow liquid ex- 
tractor was used. Based on these observations, the following 
procedure was adopted. 

About 20 g. of the powdered material were weighed out 
and digested in a round-bottomed flask with 200 ml. 1-5 n- 
(approx.) HCl for 12 hr. on a sand-bath under a reflux con- 
denser. The contents were then filtered through a Buchner 
funnel, the residue was washed several times with hot water, 
and the filtrate and washings were made to 375 ml. Samples 
(70 ml.) of the solution were then subjected to a 24 hr. 
extraction in an air-bath maintained at 60-70°. A mixture 
of 200 ml. ether (A.R.) and 50 ml. distilled water was intro- 
duced into the flask at the start of the ether extraction, 
because preliminary experiments showed that addition of 
water prevented decomposition of oxalic acid, which as it 
gets extracted passes readily into the aqueous phase. 

At the end of the extraction more water was added, the 
ether was distilled off and the aqueous solution was filtered. 
The filtrate was made slightly alkaline with NH;, then 
slightly acid with acetic acid, heated on a water-bath and 
the oxalic acid precipitated as calcium oxalate by addition 
of a saturated solution of CaCl,. Whenever the precipitate 
was coloured, reprecipitation was carried out until the 
material was almost white. The oxalate was then estimated 
in the usual way with 0-1N-KMnQ,. The extractions and 
precipitations were always carried out in duplicate and 
the average values taken. 

No special advantage was observed in the method de- 
scribed by Kohman (1939) over our modified Arbenz 
method. Further, all his values have been expressed as a 
percentage of the wet material, and the moisture content 
is a variable factor. 

The method was slightly modified for oxalate estimation 
of tea beverage, which was prepared according to the in- 
structions issued by the Tea Propaganda Board, Ceylon. 
To 50 ml. of the water extract were added about 25 ml. 
1-5 N-(approx.) HCl. The solution was heated on a water- 
bath for 30 min., cooled, and the extraction and precipita- 
tion carried out as before. 














RESULTS 


The vegetables were analyzed as described above 
and the results are presented in Table 1. 





Name Mois- 
; + ture 
Botanical Cingalese (%) 
Ipomoea aquatica Kankun 85-5 
Talinum speciosa Gasniviti 94-5 
Amaranthus polygonoides L. Araikeerai 85-9 
Alternanthera sessilis Mukunuvenna 86-2 
Sesbania grandiflora Katurumurunka 82-3 
Dentella asiatica Gotukola 84-3 
Amaranthus gangeticus Gusthampola 85-2 
Cassia tora Thorakola — 
Tea leaves — 
Cup of tea — 


DISCUSSION 


As seen in Table 1, the determinations of both the 
calcium and oxalic acid contents of a foodstuff are 
of some significance in assessing its nutritive value. 
The figures in the last column of the table were 
obtained by subtracting from the total calcium the 
amount of this mineral required to precipitate all 
the oxalic acid in the vegetable as calcium oxalate, 
and expressing this difference as a percentage of 
the total calcium. If it is assumed that calcium 
oxalate is not absorbed in the intestine (Adolph & 
Liang, 1942; Fairbanks & Mitchell, 1938), then this 
percentage is more or less an index of the availability 
of the calcium in the foodstuff. On this assumption, 
nearly 95 % of the calcium in Thorakola is available 
for absorption. Though Gusthampola has a higher 
percentage of total calcium, only 23 % of it is avail- 
able. On the other hand, in Kankun, Gasniviti, 
Araikeerai and Mukunuvenna, oxalic acid is in 
excess of calcium, all of which is therefore not 
available. Ingestion of the latter vegetables would 
lead to oxaluria, whereas the oxalic acid contents 
of the other four vegetables are of no significance 
in oxaluria because of the preponderance of calcium 
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Table 1. Calcium and oxalic acid contents of some Cingalese vegetables 
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in these vegetables. It is suggested that Gasniviti 
and Araikeerai, in spite of their popularity in the 
dietary in Ceylon, should be particularly avoided. 

As already stated, the calcium intake of the 


Calcium Oxalic acid (anhyd.) 

Fresh Dried Fresh Dried Available Ca 

(%) (%) (%) (%) (% of total) 
0-132 0-910 0-321 2-214 Ovxalic acid in excess 
0-152 2-760 0-700 12-720 Oxalic acid in excess 
0-595 4-220 1-586 11-250 Oxalic acid in excess 
0-226 1-640 0-942 6-822 Oxalic acid in excess 
0-302 1-700 0-149 0-839 78:1 
0-206 1310 0-162 1-034 64-9 
0-517 3-490 0-891 6-022 23-3 

— 2-190 — 0-263 94-7 

— 0-466 — 1-420 —" 


0-055 (g./400 ml. extract) —- 


average Cingalese or Indian is much below the 
standard recommended by the National Research 
Council (1943). Aykroyd (1941) states that the 
daily calcium intake of the adult Indian is less than 
0-2 g., compared with 0-8 g. recommended by the 
National Research Council. Consumption of oxalate- 
rich foods would further aggravate the already 
existing deficiency in calcium. From a practical 
point of view it would be better to avoid oxalate-rich 
foods than to take measures to neutralize the effect 
of oxalic acid, especially when other sources of green 
vegetables are available. 

Tea has been included in our investigation because 
of its popularity as a beverage among all classes of 
Cingalese. A cup of tea brewed in the usual way 
contains about 55 mg. oxalic acid, an amount not 
likely to interfere seriously with the absorption of 
the calcium of the milk added to tea. 


SUMMARY 


1. The calcium and oxalic acid contents of a 
number of vegetables are reported. 

2. A modification of the Arbenz method of esti- 
mating oxalic acid is described. 

3. The relation of oxalic acid to calcium avail- 
ability and oxaluria is discussed. 
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Spectral Absorption and Fluorescence of Coproporphyrin Isomers I 
and III and the Melting-points of their Methyl Esters 


By E. M. JOPE anp J. R. P. O’BRIEN, The Department of Biochemistry, Oxford 


(Received 26 March 1945) 


Both the determination and the identification of the 
naturally occurring coproporphyrin isomers I and 
III depend upon the exactness of the data relating 
to their physical properties and to those of their 
methyl esters. Quantitative estimation of these 
isomers involves spectrophotometric or fluorimetric 
comparisons with standard solutions usually pre- 
pared from the crystalline tetramethyl ester of 
isomer I. The accuracy of such determinations de- 
pends upon the purity of this ester and also upon 
the knowledge of the spectral absorption of the 
isomers or of the relative fluorescence efficiencies of 
the two molecules. Differential identification of the 
coproporphyrin isomers is achieved through differ- 
ences in the properties of their tetramethyl esters, 
particularly their solubility in organic solvents and 
their melting-points. A clean-cut separation of the 
esters is not easily effected. This difficulty must be 
borne in mind in considering the melting-points of 
the methyl esters isolated from natural sources, 
unless careful recrystallizations have been done. In 
studies of porphyrin metabolism, an obvious essen- 
tial is the definition of those properties which form 
the basis of quantitative methods of estimation and 
of identification. This paper presents data obtained 
in an attempt to correlate the spectral absorption 
and fluorescence of the isomers and the m.p.’s of 
their esters, so that their additive and constitutive 
properties may be more closely defined. 

The necessity for such data became apparent 
when we found that solutions prepared from syn- 
thetic coproporphyrin I tetramethyl ester (as re- 
ceived from Prof. H. Fischer) gave extinction 
coefficients, E}%™, as much as 12% lower than 
those made up from the same specimen after re- 
crystallization. Recrystallization, however, caused 
no appreciable change in m.p.’s, which were through- 
out within the generally accepted range of good 
values for this substance (Table 1 and Fig. 4). 
Similar observations were made on synthetic copro- 
porphyrin III tetramethyl ester and on several 
natural specimens. This experience led us to investi- 
gate the criteria for the purity of the tetramethyl 
esters of coproporphyrins I and III, and to attempt 
to define more closely the additive properties of 
standard solutions of coproporphyrins I and IIT. 


EXPERIMENTAL 


Materials 


Sources. The synthetic tetramethyl esters of copro- 
porphyrins I and III were those of Prof. Fischer (Miinich): 
for the latter sample we are indebted to Dr C. Rimington, 
as also for two specimens of the tetramethyl ester of copro- 
porphyrin I isolated by him, and for several specimens of 
the corresponding coproporphyrin III ester obtained by 
decarboxylation of uroporphyrin III made from its copper 
complex, turacin (Rimington, 1939). Another specimen of 
coproporphyrin I tetramethyl ester was isolated by us from 
faeces of a patient with haemolytic anaemia. 

Purification. Coproporphyrin I tetramethyl ester was 
recrystallized from chloroform-anhydrous methanol mix- 
tures, the crystals being removed while the volume of 
mother liquor was still fairly large. 

Owing to its high solubility, good yields of the corre- 
sponding coproporphyrin III ester could not be obtained 
from chloroform-methanol mixtures. This ester was first 
crystallized twice from anhydrous diethyl ether, followed 
by slow crystallization in the ice-chest from chloroform- 
hexane mixtures, and a final crystallization from anhydrous 
ether. Grinstein (1941) has used chloroform-benzene mix- 
tures for the same purpose. 

Crystals of the esters were dried in vacuo over conc. 
H,SO, and paraffin wax for 2 days, then at 80° for 1 hr., 
and afterwards cooled in vacuo. No change in weight of 
5 mg. of synthetic coproporphyrin I tetramethyl ester (as 
received) was observed on drying at 60°/0-3 mm. Hg for 
1 hr. It was therefore concluded that the low extinction 
coefficient recorded for this specimen (Table 1) was not due 
to the presence of solvent. 


Methods 


Absorption curves. A Hilger E316 medium quartz spectro- 
graph and Spekker photometer were used, with a 108 W. 
ribbon filament lamp providing a continuous source from 
300 my. into the far red. For precise observation of the 
sharp peaks of the Soret bands of porphyrin compounds, 
this lamp is preferable to the tungsten-steel spark with its 
scarcity of emission lines in this region. The plates obtained 
were matched on a photoelectric microphotometer. The 
spectrograph slit-widths were—for ultra-violet range (u.v.) 
0-03 mm. (=0-12 mz. at A=400 my.)—for visible 0-015 mm. 
(=0-12 mu. atA=550my.). No differences were observed in 
the form of the sharp peaks of the Soret bands until the 
slit width was increased above 0-1 mm. (=0-4my. at 
\=400mz.). 





Isomer 


I 


Table 1. 


and the m.p.’s of their tetramethyl esters 


Specimen of tetramethyl ester 
Synthetic: 
As received 
Recryst. x 2* 
Recryst. x 3 
Recryst. x 5 
Natural: 


From calf meconium, recryst. x 2 
From cow faeces, recryst. x 1 


m.p. of ester 


252-254° 
253-254-5° 
256-258° 
256-257-5° 


254° 
251° 


Extinction coefficients of coproporphyrins I and III in 0-1-0-15N-HCl, 


Extinction coefficients 
of coproporphyrins 


EE 
E}%,,40lmp. £}%, ;548mp. 


6880-7100 
7940 
8080 
8140 


8190 
8100 


252° 


7980 
8140 


From haemolytic anaemia faeces, recryst. x 2 
Standard solution, 1 mg./ml. (Rimington, 1942) 
Synthetic: 
As received 
Recryst. x 3, chloroform-hexane 
Recryst. x 3, chloroform-hexane, 
x 2, anhydrous ether 
(b) Natural: 
T. Turaco and T. Gall. Recryst. x 2 
T. Corythaix. Recryst. x 2 
I E,,1, therefore defined as 


III =£,,,), therefore defined as 


129-130/150-161° 236 
129-130° 


128/158-162° 8120 261 


259-5 
258-5 


17:0 x10 
16-97 x 10° 


153/178-179° 
148/173-176° 


8100 
8080 


531 x 108 
530 x 10° 
* T.e. twice recrystallized. 

t Value by Rimington (1942) and, independently, Kench et al. (1942), on Nutting Hilger spectrophotometers. 
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Fig. 1. Fig. 2. 
Fig. 1. Spectral absorption curves of coproporphyrins I and ITI, in 0-15N-HCl ( ) and 0-1n-NaOH ( 
curves in the visible region are magnified x 10 in comparison with the Soret bands.) 
Fig. 2. Variations in the form of the Soret band peak of coproporphyrins I and III with different HCl concentrations. 
Curve I, 0-02 N-HCI; curve II, 0-1 N-0-15N-HCI; curve III, 7N-HCl. The curves for intermediate HCl concentrations 
lie between these extremes. 
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Fluorescence. A Zeiss Pulfrich photometer was used with 
an L8 filter and 2cm. ‘Hysil’ cells filled with 6 ml. of 
liquid exposed to air. A Hanovia S500 mercury vapour 
lamp with Wood’s glass filter, vertically above the cells, 
provided an exciting source. Such an arrangement is only 
suitable for porphyrin solutions of low concentration, below 
2mg./l. A Hilger Spekker photoelectric fluorimeter has 
also been used. Fluorescence intensities of solutions of 
coproporphyrin I and III isomers were compared one 
against the other. 

Preparation of solutions for spectrophotometry and fluori- 
metry. Weighed amounts of the coproporphyrin tetra- 
methyl esters were hydrolyzed by standing in cone. HCl 
(sp.gr. 1-16; about 1 ml./1 mg. ester) for 24 hr., and diluting 
with distilled water to the required HCl concentration. 
Hydrolysis was usually performed in silica tubes; Monax 
and soft glass tubes were equally satisfactory. No decom- 
position was observed on increasing the time of standing 
in cone. HCl up to 60 hr. Hydrolysis was, however, complete 
after 10 hr. at room temperature. 

Stability of coproporphyrin solutions. Whereas in 0-1- 
0:2 N-HCl these porphyrins were stable at room temperature 
for at least 12 months when kept in diffuse daylight, in 
1-5N-HCl they deteriorated after 2 months under the same 
conditions. This was shown by periodic examination of the 
absorption curves of the solutions. 

If the concentration of coproporphyrin I exceeded 
20 mg./l., fine needles of the hydrochloride were deposited 
after 1 month. This crystallization was not observed with 
solutions of coproporphyrin III. 

Melting-points. A K6fler apparatus was used which per- 
mitted microscopic observation. Examination by polarized 
light was especially useful in observing the double m.p.’s 
of coproporphyrin III tetramethyl ester (Rimington & 
Symons, 1938). The temperature of the stage was changed 
at a rate of 1°/min. 

For the m.p.-composition curve (Fig. 4) the following 
specimens of tetramethyl esters were used: coproporphyrin I 
—synthetic, recrystallized three times; coproporphyrin III 
—from decarboxylation of uroporphyrin III from turacin 
(Rimington, 1939, p. 115, specimen analyzed). These were 
made up in chloroform solutions of equal concentration, 
and 3 or 4 drops of known mixtures of these were allowed to 
crystallize on a microscope slide. After the initial melt, 
resolidification and remelting temperatures were observed 
four times on each specimen, though only very slight changes 
from the initial values were noted. 


RESULTS 


Spectral absorption curves. Data for the two chief 
bands of coproporphyrins I and III are given in 
Table 1, stated as extinctions of 1 % (w/v) solutions 
in 1 em. layers, E}%,. The isomers gave identical 
absorption curves (Fig. 1). The bottom lines of the 
table contain the values of the molar extinction, 
Eno, Of the free coproporphyrins, which were de- 
rived from the E}*, values. 

Absorption curves of these porphyrins were found 
to depend greatly upon the nature of the solvent 
and the pH (Fig. 2). Between the intense spectral 
types characterizing acid solvent and neutral or 
alkaline solvent, there is a region of considerably 
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reduced absorption near the isoelectric point of the 
porphyrins, which is probably due to an aggregation 
of the molecules forming a colloidal solution. The 
considerable effect of different pH values on the 
Soret band is shown for HCl solutions in Fig. 2. In 
contrast, the effect upon the absorption curves in 
the visible region of varying the HCl concentration 
from 0-06 to 3N was very small. The 548my. band 
of 0-06N-HCI solutions shifted only 2mp. towards 
the red when the HCl concentration was increased 
to 3N and the extinction coefficient remained un- 
changed. 

The 548muy. band can be conveniently isolated by 
an Ilford ‘spectrum yellow green’ filter, no. 605 
(peak transmission at 550my.). Using a Pulfrich 
photometer fitted with this filter, we obtained a 
value of 0-645 + 0-015 for the extinction coefficient 
of a solution containing 10 mg. coproporphyrin in 
11. ina 5 em. cell. 
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Fluorescence intensity (arbitrary units) 


Fig. 3. Fluorescence of natural and synthetic copropor- 
phyrins I and III in HCl solutions of different pH values. 
The fluorescence intensity is reduced to equivalent con- 
centrations of all four porphyrin solutions used. 
© Coproporphyrin I, 0-6 mg./l. ) Purified natural 
x  Coproporphyrin III, 0-545 mg./l.) specimens 
A. Coproporphyrin I, 0-48 mg./l. | Purified synthetic 
+ Coproporphyrin III, 0-48 mg./l. } specimens 


Fluorescence. By direct comparison of solutions 
of known concentrations, the fluorescence of copro- 
porphyrins I and IIT was found to be of equivalent 
intensity within +2%. A similar result was ob- 
tained by Rimington (1943) for uroporphyrins I and 
III. Below pH 2 the same changes of fluorescence 
intensity with pH were observed with both isomers 
(Fig. 3). Rimington (1943) has found a similar 
relation between pH and fluorescence for copro- 
porphyrin I in acid solutions. In the range pH 2-6, 
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the differences between pH-fluorescence curves of 
coproporphyrins I and III observed by Hoerburger 
(1933) were confirmed. 

Melting-points of coproporphyrin tetramethyl esters. 
Determinations of the m.p. of the coproporphyrin I 
ester were straightforward and the results agreed 
with those of other workers (Table 1). With the 
coproporphyrin III ester there are complications 
due to its ‘double m.p.’ Its lower and upper m.p.’s 
have been previously recorded as lying between the 
wide limits of 135-153 and 158-178° respectively. 
The upper m.p. is observed by reheating a specimen 
which has melted at the lower m.p. and has been 
kept molten before being allowed to cool. We have 
detected no differences in crystal form accom- 
panying this change. Rimington (1939) has illus- 
trated the two forms in which coproporphyrin IIT 
tetramethyl ester occurs. Both clusters and needles 
may melt indiscriminately at either m.p. 

In our experience the behaviour of synthetic 
coproporphyrin III tetramethyl ester during melting 
was substantially the same on four separate deter- 
minations. Our observations through the micro- 
scope were as follows: At least one bunch of crystals 
coalesced at 129-130°, another softened and coal- 
esced at 150—157°, and the remaining mass melted 
sharply at 161°. After cooling and solidification, 
which occurred at 120°, on heating, some of the 
crystals softened with loss of double refraction at 
129°, and the remainder coalesced fairly sharply at 
158°. Intensive drying of the crystals in vacuo had 
no effect upon these changes. After three crystalli- 
zations from a chloroform-hexane mixture and 
drying in vacuo, this synthetic specimen, although 
spectrophotometrically pure porphyrin, coalesced 
at 129-130° and could not be persuaded to solidify 
or to exhibit double refraction on cooling; this pre- 
vented an observation of its behaviour on remelting. 
After two more crystallizations from anhydrous 
ether, the specimen softened with loss of double 
refraction at 128° and gradually coalesced as the 
temperature rose to 150°. On cooling, good crystals 
appeared; on reheating, these melted at 158—168°. 

Some natural specimens of coproporphyrin III 
tetramethyl ester examined showed a slight loss of 
double refraction at 130°, but the real lower m.p. 
was usually 138—-153°, and the upper m.p. as high 
as 173-179°. 

Melting-point composition curve for mixed tetra- 
methyl esters of coproporphyrins I and III. This is 
given in Fig. 4. The vertical thick lines represent 
for each mixture the temperature range over which 
softening of crystal outline and loss of double re- 
fraction were observed; its upper limit represents 
the temperature at which the whole mass coalesced. 
‘Solidification point’ is here taken as the tempera- 
ture at which double refraction reappeared on cooling. 
All these mixtures recrystallized well on cooling, 
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those containing 25, 50 and 75% of the copro- 
porphyrin I ester showing crystal forms hybrid 
between those typical of the esters of copropor- 
phyrins I and ITI, and the other mixtures showing 
forms more like those of the major constituent. 


Coproporphyrin tetramethyl ester IIT (%) 
0 20 40 60 80 100 
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Fig. 4. Melting-point composition curve for tetramethyl 
esters of coproporphyrins I and III. 

Temperature at which softening and loss of 

double refraction begins, on heating 

Lower m.p. characteristic of coproporphyrin 

III tetramethyl ester 

Melting-point 

©——®© Solidification point 


DISCUSSION 


Spectral absorption curves. A comparison of the 
scanty data in the literature for the extinction 
coefficients of 1 % solutions of coproporphyrin with 
our own is given in Table 2. Paic (1936) gives 
absorption curves for coproporphyrin I in the u.v. 
obtained by examination of a standard solution 
supplied by Hans Fischer, and his low value for the 
extinction coefficient agrees with our findings on 
solutions made up from Fischer’s synthetic copro- 
porphyrin I tetramethyl ester before recrystalliza- 
tion. 

Our data for the 548-550my. band agree with 
those of Kench, Gillam & Lane (1942) and Riming- 
ton (quoted by Kench et al. 1942), who examined the 
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Table 2. Comparison of data of spectral 
absorption of coproporphyrins 


Normality 
of HCl Max.A J 
Reference solution inmp. E}2, 
Ultra-violet 
Present authors 15 403-5 7450 
Paic (1936) 1-5 403-5 6830 
Visible region 
Present authors 1-5-3-0 549-550 260 
Kench et al. (1942)* 1-5 549 262 
Rimington (1942)f 1-5 549 262 
Stern & Wenderlein (1934): 
Coproporphyrin I 3-0 548 254-5 
Coproporphyrin IIT 3-0 548 246 


* These authors examined the same solution. 
+ Quoted by Kench et al. (1942). 


same solution made up from recrystallized natural 
coproporphyrin I tetramethyl ester on two Nutting 
Hilger spectrophotometers. We have examined this 
same solution in the u.v. (Table 1), but insufficient 
was available for recording in the visible. Stern 
& Wenderlein (1934) record values for E}®,, 
\=548mz., below ours by 2-1 and 5-4% for copro- 
porphyrins I and III respectively. Our observations 
indicate, however, that these two coproporphyrins 
have quantitatively equivalent absorption curves 
over the range A= 300 to A= 650mxz. 

Fluorescence. For equal concentrations of copro- 
porphyrin and HCl the fluorescence intensity of 
coproporphyrin I has been shown equivalent to that 
of coproporphyrin III. As their energy absorption 
curves are also equivalent (Table 1 and Fig. 1), the 
molecules of these two porphyrins have therefore 
the same fluorescence efficiency, though -it is not 
possible to derive an absolute value from the data 
at present available. 

The fluorescence-pH curves of the coproporphyrin 
isomers figured by Fink & Hoerburger (1933, 1935) 
and reproduced by Fischer & Orth (1937, p. 596), 
suggest that there is a difference between the 
fluorescence efficiencies of the coproporphyrin I and 
III molecules. These curves are misleading, as the 
ordinates are not comparable for each isomer. When 
Hoerburger’s original data (tables in Hoerburger 
(1933), and Fink & Hoerburger (1933)) are plotted 
with comparable ordinates, although there are no 
values below pH 1-8, the curves do suggest that 
coproporphyrins I and III would be found to have 
equivalent fluorescence in the dilute acid range 
where estimations are carried out. 

Melting-points of the tetramethyl esters. The m.p.’s 
we have observed for coproporphyrin I tetramethy] 
ester agree with those recorded by other workers. 
With coproporphyrin III tetramethyl ester the 
phenomenon of ‘doublem.p.’ leads to poor agreement 
among the values obtained by different workers. 
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Although Fischer and his collaborators (1927, 1929, 
1931) have synthesized coproporphyrin III tetra- 
methyl ester by three different processes and have 
followed the changes in m.p. through eight crystalli- 
zations, they have not succeeded in reaching agree- 
ment between the m.p. data of synthetic specimens 
and those from natural sources. Our results tend to 
confirm this discrepancy between synthetic and 
natural specimens, and at present there are no means 
of deciding which of the two represents the behaviour 
of coproporphyrin III tetramethyl ester. 

Criteria of purity of the tetramethyl esters. Although 
most workers rely upon m.p. data, no m.p.-composi- 
tion relationship has been previously reported for 
the system of tetramethyl esters of coproporphyrins 
I and ITI, or an attempt made to assess the influence 
of possible impurities. The m.p.-composition relation 
(Fig. 3) shows that with coproporphyrin I tetra- 
methyl ester m.p. determination is misleading, 
allowing the presence of up to 10% of copropor- 
phyrin III tetramethyl ester, unless it is taken in 
conjunction with resolidification point (not usually 
stated) and with observation of m.p. after further 
recrystallization. Such data, considered together 
with the absorption curves, can provide a reasonable 
definition of identity and homogeneity of copro- 
porphyrin I tetramethyl ester. With the copro- 
porphyrin III ester the usual m.p. criteria taken 
alone allow the presence of up to 15% of copro- 
porphyrin I tetramethyl ester, and the position is 
more complex owing to the ‘double m.p.’ and the 
greater difficulty of recrystallization. This ‘double 
m.p.’ can be eliminated by converting to the Cu 
complex, but this introduces a further process, and 
the Cu complexes have not yet received adequate 
study (Mertens, 1937; Vélker, 1938). 

The m.p.-composition relationship is of import- 
ance in the estimation of the ratios of I and III 
isomers in coproporphyrin specimens from natural 
sources, since the m.p.’s of the tetramethyl esters 
are usually taken alone as criteria of identity and 
purity of each isomer. The present work suggests 
that the m.p.’s must be studied in conjunction with 
solidification points, and perhaps absorption curves, 
before such ratios can be investigated accurately. 
Further work on this subject is in progress. 

While the absorption curve may be a good indica- 
tion of the total porphyrin present, it shows no 
distinction between the numerous porphyrins, either 
isomeric or those with different substituents in the 
porphyrin nucleus, which have very similar absorp- 
tion curves. Effective separation of these por- 
phyrins is therefore an essential preliminary to the 
study of their absorption curves and fluorescence 
properties. Different porphyrins can usually be 
separated by means of their varying partitions be- 
tween ether-aqueous HCl, but with isomers it is 
necessary to rely upon the solubilities of their methyl 
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esters in different organic solvents. Coproporphyrin 
I tetramethyl ester, for instance, is insoluble in 
anhydrous ether or methanol, whilst coproporphyrin 
III tetramethy] ester is appreciably soluble (Riming- 
ton, 1939). So far we have not achieved separation 
of these isomers by chromatography, and have been 
unable to confirm the results of Watson & Schwarz 
(1940), who adsorb the mixed tetramethyl esters of 
coproporphyrins I and III on Brockmann alumina 
(Merck Inc.) and elute with varying acetone- 
water mixtures. 

The most important implication of the above 
results is that the usually accepted criteria of purity 
and identification of coproporphyrins I and III are 
inadequate. Thus, quantitative estimations of copro- 
porphyrin may be misleading because the physical 
constants of standard solutions have not previously 
been adequately defined. Specimens of copropor- 
phyrin I tetramethyl ester require to be freshly 
crystallized before they are used for standard solu- 
tions. Only by achieving uniformity in this respect 
can comparable data be obtained by different 
workers on normal and pathological excretion of 
coproporphyrin. In the estimation of total copro- 
porphyrin, standard solutions have usually been 
made from coproporphyrin I tetramethyl ester on 
the assumption, hitherto unsupported by experi- 
mental data, that under the conditions of estimation 
the absorption curves and fluorescence efficiencies 
of these two isomers were equivalent. The observa- 
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tions reported here show that this assumption is in 
fact correct. 


SUMMARY 


1. The spectral absorption curves of copro- 
porphyrins I and III, in the range 300—-650mz., 
were found to be identical, and on the acid side of 
pH 2 show identical changes with varying pH. 

2. At acidities below pH 2, the fluorescence 
efficiencies of these two molecules were found quan- 
titatively equivalent. 

3. Although their m.p.’s were satisfactory, the 
synthetic coproporphyrin I and III tetramethyl 
esters gave spectral absorption values 12% below 
those of purified natural specimens, but were 
brought into agreement by recrystallization. The 
m.p. of the coproporphyrin esters is alone a poor 
criterion of purity. 

4. Them.p.-composition curve of the tetramethyl 
esters of coproporphyrins I and IIT shows that the 
presence of 10-15% of one isomer may remain un- 
detected in the other, if the m.p. is the sole criterion: 
the resolidification point is the more sensitive index 
of purity. 


We wish to express our thanks to Prof. R. A. Peters for 
his interest in this work, to Dr E. R. Holiday for the use of 
his spectrographic equipment, and to Dr C. Rimington for 
specimens of porphyrins, for the use of a K6fler melting- 
point apparatus and for discussion. 
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A Sodium Carbonate-bicarbonate Buffer for Alkaline Phosphatases 


By G. E. DELORY, Royal Infirmary, Preston, anv E. J. KING, 
British Postgraduate Medical School, London 


(Received 27 March 1945) 


For the study of alkaline phosphatase systems a 
non-phosphate-containing buffer is required. The 
buffers in common use for the alkaline pH range are 
ammonia, borate, glycine and veronal. Ammonia 
and borate have a retarding effect on the rate of 
enzymic hydrolysis of phosphoric esters. Glycine 
activates phosphatase when present in very low 
concentrations (0-1-1 mm), but in the concentrations 
used in the buffer system (0-01—0-I1M) it has an 
undoubted inhibitory effect. Veronal is much better 
in this respect, but its useful pH range (6-8—9-6) is 
not sufficiently high to cover the pH optima of 
the enzyme acting on aromatic phosphoric esters 
(Delory & King, 1943). To satisfy the criteria of 
non-inhibition of enzymic action, useful alkaline 
pH range, simplicity and reasonable stability, a 
mixture of sodium carbonate with bicarbonate has 
been investigated. The range covered, 9-2—10-8, is 
suitable for enzymic study with phenolic esters of 
phosphoric acid. A sodium carbonate buffer was 
described by Kolthoff (1925), in which a partial 
transformation into sodium bicarbonate was effected 
by the addition of hydrochloric acid. We have found 
it difficult to prepare buffer mixtures in this manner 
because of the ease with which carbon dioxide can 
be lost from the solution when the hydrochloric acid 
is added. The mixtures of sodium carbonate and 
bicarbonate, on the other hand, are easy to prepare, 
and have proved to be surprisingly stable. We have 
kept the mixtures described below for as long as 
6 months in well-stoppered waxed bottles without 
any demonstrable change in their pH. 


SOLUTIONS 


Freshly distilled water boiled immediately before use to 
free it from CO, should be used. Only sodium carbonate 
and sodium bicarbonate of A.R. quality are suitable. The 
solutions should be kept in well-waxed tightly stoppered 
bottles in a cool place. 

0-1m-Sodium carbonate. 10-599 g. anhydrous Na,CO, 
are dissolved in water and diluted to 1 1. 

0-lm-Sodium bicarbonate. 8-4 g. NaHCO, are dissolved 
in water and diluted to 1 1. 

Determination of pH. The apparatus used embodied a 
hydrogen electrode unit employing the Moloney (1921) 
platinum electrode, and a saturated calomel electrode. The 


potentiometer was accurate to 4mV., so that the pH values 
could be measured to nearly 0-01 pH. The apparatus was 
checked with standard buffer mixtures prepared according 
to Britton (1932). Through the courtesy of Prof. E. C. Dodds 
and Mr M. E. H. Fitzgerald of the Courtauld Institute of 
Biochemistry, London, we were able to check the determina- 
tions on their glass electrode apparatus (Beckmann). The 
two methods checked with a maximum difference of 1mV. 
equal to about 0-02 unit of pH. 


pH OF BUFFER MIXTURES 


In Table 1 are listed the pH values at 20 and 37° for 
nine mixtures of sodium carbonate with sodium 
bicarbonate. These figures have been checked many 
times with different solutions and have agreed well 
both with repeated determinations of the same and 
with fresh solutions, and with the values recorded 
by Kolthoff (1925) for his Na,CO,-HCl mixtures, 
whose composition in terms of Na,CO, and NaHCO, 


Table 1. pH values of sodium carbonate-bicarbonate 
buffer mixtures 


0-1 M- 0-1 m- 
Na,CO, NaHCO, pH pH 

(ml.) (ml.) (20°) (37°) 
1 9 9-16 8-77 
2 8 9-40 9-12 
3 a 9-51 9-40 
4 6 9-78 9-50 
5 5 9-90 9-72 
6 4 10-14 9-90 
7 3 10-28 10-08 
8 2 10-53 10-28 
9 ] 10-83 10-57 


was calculated. The mixtures have been in con- 
tinuous use for phosphatase studies and for routine 
work for several years, and have been satisfactory 
for their purpose and the range of pH specified. It 
is not recommended that this buffer system be used 
for pH lower than 9-2 (8-8 at 37°). For this purpose 
a carbonate-veronal buffer (King & Delory, 1940) 
is suggested. 
SUMMARY 


A sodium carbonate-bicarbonate buffer, covering 
the range pH 8-9-10-8, is described. The mixtures 
are easily prepared and are reasonably stable if kept 
in stoppered waxed glass bottles. 
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Analyses by the ester-fractionation process de- 
scribed by Hilditch (1940) of pig depot fats have 
shown the presence of small amounts (1-3%) of 
unsaturated Cy)-C,. acids, which have generally 
been regarded as highly unsaturated (Hilditch, Lea 
& Pedelty, 1939) and probably similar to the corre- 
sponding liver glyceride fatty acids. Experimental 
difficulties in purifying the residual ester fractions 
(in which the Cy)-Cy. acids accumulate, along with 
polymerized or partially oxidized acids) have pre- 
vented full identification. The amount of Cg9—Cy2 
acids determined from the polybromide number has, 
however, been much less than the amount of these 
acids calculated from the saponification equivalent 
of the residual ester fractions, a fact which led 
Hilditch & Pedelty (1939) to suggest an empirical 
method for the rapid determination of unsaturated 
Co—-Coq acids in pig depot fats. 

Elsewhere the writers (de la Mare & Shorland, 
1945) have presented preliminary evidence that the 
bulk of the C,,—C,, unsaturated acids of the back fat 
from buttermilk-fed pigs consists of acids with fewer 
than three double bonds. This conclusion is con- 
firmed by the present work, and the monoethenoid 
Cy) acid has been identified as A4—!2 eicosenoic acid. 


EXPERIMENTAL 


(a) Preparation and purification of Cy unsaturated acids. 
Bulked inner and outer back fat (4019 g.) from pigs fed 
buttermilk during the fattening period* and killed at ap- 
proximately 200 lb. live weight, was extracted as previously 
described (Shorland, Hansen & Hogan, 1944). After hydro- 
lysis and removal of unsaponifiable matter as described by 
Hilditch (1940), the recovered fatty acids were converted 
into ethyl esters (3908 g.). These were fractionated at 
c. 1mm. pressure from a 51. flask, using an electrically 
heated column 24 in. high and 22 mm. in diameter, packed 
with sections of glass tube 10mm. long and 7mm. in 
diameter. After removal of 3518 g., boiling-point below 
155°, the residue was hydrolyzed. The recovered acids were 
crystallized twice from 4 1. of acetone at — 10°. The soluble 
acids (251 g.) gave on methylation 257 g. of methyl esters 
{i.v. 92-4, saponification equivalent (sap. equiv.) 295-6). 
Fractionation of these with a column of the type described 
by Longenecker (1937) gave three fractions, L, (174 g., 
mainly C,, esters), L, (48 g., mainly Cy esters) and L, (35 g., 
undistilled residue). 





* With access to pasture, which Shorland et al. (1944) 
have shown to have little effect on the iodine value of pig 
back fat. 
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Table 1 gives details of the fractionation of L, 
(43-5 g.). 
Table 1. Fractionation of Lz 
(mainly Cy. methyl esters) 


Weight Sap. 

Fraction (g-) b.p. (°)* equiv. i.v. 
Ley 2-74 120-122 293-6 89-7 
Lao 2-02 122 297-4 92-7 
Los 1-29 122-124 296-8 91-2 
Lg 2-30 124-130 299-0 96-7 
L.; 2-01 130-134 303-3 104-5 
Log 2-51 134-138 312-6 109-7 
Loz 2-95 138 317-1 110-1 
Log 4-41 138 318-4 106-7 
Lag 2-83 138 319-8 105-9 
Layo 2-76 138 318-6 103-1 
Lays 3-13 138 320-8 103-5 
Lays 2-90 138 320-5 100-0 
Lays 3-14 138 320-5 93-9 
Lev 3-80 138 323-1 104-9 
Las 1-63 138-145 326-8 165-5 
Lays 2-95 Residue 328-3 123-4 


* In this and subsequent tables, boiling-points are at 
c. 0-1 mm. 


The acids recovered from fractions L,,—L,;, were 
crystallized from acetone as shown in Table 2. 


Table 2. Crystallization of Coo 
unsaturated acids 


Ly7-Ls15 - 
24-7 g., sap. equiv. 305-9, i.v. 109-0, 
crystallized twice from 250 ml. 
acetone at — 30° 





Se eee ee ee ee 
B. Soluble (15-2 g.) 


insoluble crystallized twice from 
9-5 g., sap. equiv. 306-5, 100 ml. acetone at 
i.v. 84-1 — 50° 
ap ee ee eee 
B, Soluble (12-0 g.) 
insoluble crystallized twice from 
3:2 g., sap. equiv. 314-2, 100 ml. acetone at 
i.v. 76-6 approx. — 80° 
Ce ee a eee 
B, B, 
insoluble soluble 
2-7 g., sap. equiv. 305-4, 9-3 g., sap. equiv. 2933 
i.v. 96-9 iv. 159-4 


(b) The Cyg monoethenoid fraction. Methyl esters 
prepared from fractions B, and B, (which from their 
iodine values were substantially free from poly- 
ethenoid acids) were fractionated as shown in 


Table 3. 
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Table 3. Fractionation of Cog ‘monoethenoid’ methyl esters 


Vol. 39 
Fraction ... |: SAR Bye Biss 
Weight (g.) 0-97 1-77 1-38 
b.p. (°) 130-140 140-146 =: 146 
Sap. equiv. 302-3 320-0 + 321-2 
i.v. 75-2 74-9 75-0 


The acids recovered from fractions B,.>—B,.2 were 
converted into ethyl esters and fractionated, giving 
the results of Table 4. 


Table 4. Fractionation of Cyo 
“monoethenoid’ ethyl esters 


Fraction ... C, C, Cs; C, 
Weight (g.) 1-67 1-52 5:77 1-36 
b.p. (°) 140-146-146 146 (Residue) 
Sap. equiv. 331-1 335-6 336-2 342-1 
iv. — — 65-5 —_ 


A p:rtion of fraction C, (1-43 g.) was oxidized 
with 15 g. KMnO, in 20 ml. acetone by the method 
of Armstrong & Hilditch (1925). The unoxidized 
material (0-32 g.) had i.v. 14. The acids recovered 
from the acidic products of oxidation were extracted 
several times with hot light petroleum (b.p. 40-70°). 
The material insoluble in petroleum ether was 
crystallized from water, giving 0-19 g. of dibasic 
acid m.p. 105-107°, which on recrystallization from 
water and from chioroform melted at 109—109-5°. 
Analysis: C=61-2, 60-9, 60-6; H=9-2, 9-2, 9-5%; 
neutralization equivalent (neut. equiv.) 107-4. 
Nonane 1:9 dicarboxylic acid requires C=61-l, 
H=9-3%, neut. equiv. 108. The acid, mixed with 
genuine nonane 1:9 dicarboxylic acid (prepared by 
the method of Walker & Lumsden (1901), m.p. 
111-112°, neut. equiv. 106-8) melted at 110—-111°. 
A further crop (0-134 g.) of dibasic acid was obtained 
by concentration of the first mother liquors; this 
after recrystallization from water had equivalent 
108-1 and melted at 101—103°. 

The amount of material insoluble in petroleum 
ether was too small for accurate characterization. 
A p-toluidide was prepared, however, which after 
recrystallization melted at 78—79°, and showed no 
depression of m.p. on admixture with genuine 
nonoic p-toluidide, m.p. 82°. 

The potassium salts from the hydrolysis of frac- 
tion C, (1-70 g. acids) were oxidized with alkaline 
KMn0O, as described by Lapworth & Mottram (1925). 
The crude oxidation products were extracted with 
petroleum (b.p. 40-70°) giving 0-67 g. of soluble 
material i.v. 22. The residue (1-00 g.) was crystal- 
lized twice from ethyl acetate, giving 0-63 g. of a 
hydroxy-acid, m.p. 129-129-5°. Analysis: C = 69-5, 
69-6; H=11-9, 11-6%. Dihydroxy-arachidic acid 
prepared from A!-}* eicosenoic acid has m.p. 130-5 





Byas Buss Bios Big 
1-70 1-60 2-34 0-80 
146 146 146 (Residue) 
321-2 321-2 322-5 322-5 

a _— 
76-3 74-4 86-8 


(Green, Hilditch & Stainsby, 1936), and requires 
C=69-8, H=11-6%. 

0-80 g. of the ethyl esters (C;) was hydrogenated 
at 180—200°, using reduced nickel as catalyst. The 
product (i.v. 2-5) was hydrolyzed and the acid after 
crystallization from acetone melted at 72-5-73-5°. 
Recrystallization twice from acetone and once from 
petroleum raised the m.p. to 74-5—75°, and no de- 
pression of m.p. was detected on admixture with 
arachidie acid prepared from hydrogenated shark 
oil. The purified arachidic acid was methylated ; the 
methyl ester after recrystallization from methanol 
had m.p. 46-0-46-5°. Shinowara & Brown (1940) 
record the m.p.’s of arachidic acid and methyl 
arachidate respectively as 76-3—77° and 46—47°. 

The monoethenoid C,, acid of this pig depot fat 
is therefore A!-!* eicosenoic acid, previously re- 
ported only in the vegetable kingdom as a major 
component acid of the seed wax of Simmondsia 
californica (Green et al. 1936). From the iodine 
values of the C,, fractions of Tables 1 and 2, and 
allowing for the presence in the material insoluble 
in acetone (results to be published elsewhere) of 
approximately 0-1 %, it may be estimated that the 
original fat contained approximately 0-5% of this 
acid. ; 

(c) The Cy) polyethenoid fraction. Methyl esters 
from fraction B, (9-6 g., sap. equiv. 313-3, iv. 159-4) 
were fractionated, giving the results of Table 5. 


Table 5. Fractionation of Coo 
‘polyethenoid’ methyl esters 


Fraction ... By By By Bus By; 
Weight (g.) 1-06 = 1-55 152 361 1-88 
b.p. (°) 137 137 137 137-140 (Residue) 
Sap.equiv. 298-0 314-7 3166 320-4 312-5 
Lv: 142-6 163-1 162-8 165-3 134-1 
Bromination of the acids from fraction By, 


(1-22 g.) in dry ether at 0° gave 0-18 g. of bromides, 
m.p. 248° (decomp.), Br = 66-6 % (octabrom- 
arachidic acid requires Br = 67-8 %). 

The acids recovered from fraction By (1-0 g.) 
were oxidized by the method of Lapworth & 
Mottram (1925). Only a trace of water-insoluble 
acids was formed, and no hydroxy-acid was isolated 
from the water-soluble products of oxidation. A 
similarly inconclusive result was obtained when the 
recovered acids from fraction B,, (0-95 g.) were 


16-2 
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oxidized by alkaline KMnO, under the conditions 
described by Riemenschneider, Wheeler & Sando 
(1939). 

The absorption spectrum of a portion of frac- 
tion By, (sap. equiv. 320-4, i.v. 165-3) was examined 
in absolute ethanol. A further portion was heated 
with a solution of KOH in ethylene glycol as de- 
scribed by Mitchell, Kraybill & Zscheile (1943), and 
the soaps were examined spectroscopically in abso- 
lute ethanol. Table 6 summarizes the specific ex- 
tinction coefficients. 


Table 6. Extinction coefficients (E},.) of fraction By, 
(Coo polyethenoid esters) before and after isomeri- 
zation 6 

it 
Wave-length (A) 


Fraction B,,, unisomerized 
Fraction B,,, isomerized 


2340 2680 3010 3160 
143 16 8 6 
539 205 64 52 


From the above data, using the results for arachi- 
donic acid given by Beadle & Kraybill (1944), the 
amount of arachidonic acid in fraction B,, can be 
calculated to be 24%, as compared with 17% from 
the weight of ether-insoluble polybromides.* On the 
basis of the whole fat, these values represent 0-07 
and 0-05 % respectively, as compared with the value 
of 0-4% recorded by Brown & Deck (1930) for 
commercial lard. 

The specific extinction coefficients for isomerized 
eicosadienoic and eicosatrienoic acids are not known. 
Assuming, however, that the known values for 
octadecadienoic acid and for octadecatrienoic acid 
can be applied without modification to their Cy, 
analogues,t and correcting for the presence of con- 
jugated material in the unisomerized esters,{ the 
acids from fraction B,, can be calculated to have the 
following composition: eicosatetraenoic acid 24% 
(24 %); eicosatrienoic acid 15 % (0 %) ; eicosadienoic 
acid 20 % non-conjugated, 14% conjugated (35 %); 
eicosenoic acid 27 % (39%). The figures in brackets 
are obtained by assuming that the value for arachi- 
donic acid is correct, and that all the remaining 
iodine value of the fraction is due to eicosadienoic 
acid and eicosenoic acid, saturated acids being 
absent. 

The authors interpret the above results as indi- 
cating the presence in pig depot fat of one or more 
previously unknown acids which on isomerization 


* Ault & Brown (1934) give the polybromide number of 
arachidonic acid as 90. 

+ Probably correct if each double bond is separated from 
a neighbouring double bond by one —CH,— group only, 
but not otherwise; see discussion below. 

{ Using the molecular extinction coefficient of A%1¢, 4-12 
eicosadienoic acid given by Bradley & Richardson (1942), 
and assuming that the unconjugated material was un- 
changed by the isomerization. 


F. B. SHORLAND AND P. B. D. DE LA MARE 


1945 


by alkali give acids with diene and triene conjuga- 
tion. The iodine value of the polyethenoid concen- 
trate is regarded as consistent with the presence of 
either an eicosadienoic acid, or an eicosatrienoic 
acid, or both. The amount of either of these acids 
in the original fat is probably less than 0-1%. 


DISCUSSION 


In contrast to the ease generally experienced in 
purifying esters of fatty acids of the Cj, series, con- 
siderable difficulty was found in obtaining a C,, 
fraction of theoretical saponification equivalent (cf. 
Tables 1, 3, 4). A similar difficulty in obtaining pure 
methyl arachidonate by fractional crystallization 
and distillation was attributed by Mowry, Brode & 
Brown (1942) to the formation of a constant boiling- 
point mixture with C,, methyl] esters. 

During fractionation of the combined Cy) methyl 
esters, some separation of monoethenoid from poly- 
ethenoid esters occurred, as shown by the fall in 
iodine value from fractions L,, to L.,, (Table 1). 
The rise in iodine values of the final fractions Ly, 
and L,,; might be explained by the presence of a 
trace of C,, acids; no conclusive evidence for the 
presence of such acids was, however, obtained. 
Further distillation of the undistilled residues L, in 
a molecular still gave only fractions of equivalents 
below 310, and probably either decomposition pro- 
ducts or dimers. If C,, acids were present in the fat, 
then either they were selectively destroyed during 
manipulation, or they were present in amount 
smaller than the detected amount of arachidonic 
acid (0-07 %). ; 

The monoethenoid acid. The major component 
acid of many natural fats is accompanied by small 
amounts of homologues both of higher and of lower 
molecular weight. It is not unexpected, therefore, 
that in pig depot fat, containing 40-50% of oleic 
acid, both hexadecenoic acid and an eicosenvic acid 
should occur. It is known, however, that the 
decenoic, tetradecenoic and hexadecenoic acids of 
cow milk fat (Hilditch & Longenecker, 1938), the 
tetra- and hexadecenoic acids of ox depot fat 
Hilditch & Longenecker, 1937), and the hexade- 
cenoic acid of pig depot fat (Hilditch et al. 1939) 
have the double bond in the 9-10 position. It is 
somewhat surprising, therefore, that the eicosenoic 
acid of pig depot fat should have the A!—"* structure. 

Other A-1!2 unsaturated acids are, however, 
known to occur naturally. Thus cetoleic acid (A4-” 
docosenoic acid) has been found in various marine 
animal and fish oils (Toyama, 1927). More relevant 
to a discussion of land animal fats is the report by 
Bertram (1928) of the presence in various animal 
fats of vaccenic acid, shown by oxidation to be 
+."-12 octadecenoic acid. Other workers (Grossfeld 
& Simmer, 1930; Viollier & Iselin, 1941) have deter- 
mined the amount of this acid present in animal fats 
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by a method essentially depending on a determina- 
tion of the iodine values of lead salts soluble in 
aqueous ethanol containing a small amount of acetic 
acid. Swine fat, beef fat, mutton fat and butter fat 
are recorded as containing 0-2, 0-8-1-6, 1-0-1-8 and 
1-1-4-7 % respectively of vaccenic acid. It seems 
quite possible that at least a part of the vaccenic 
acid detected by the above workers may have been 
All-l2 eicosenoic acid; preliminary work in this 
laboratory has indicated, however, that sheep fat 
as compared with pig back fat contains less AM! 
eicosenoic acid. 

No conclusion can be reached in respect of the 
origin of A!!-!2 eicosenoic acid in pig depot fat, 
as the corresponding dietary fats have not been 
examined in sufficient detail. 
been shown by the writers (de la Mare & Shorland, 
1944) to contain approximately 3-9% of Cy—Co» 
acids, of which most, however, seemed to be highly 
unsaturated. In regard to cow’s milk fat, Hilditch 
& Longenecker (1938) do not mention the possible 
presence of eicosenoic and eicosadienoic acids sug- 
gested by Bosworth & Brown (1933). It may be 
noted, however, that Baldwin & Longenecker 
(1944a@) record the possible presence of approxi- 
mately 0-6% of eicosadienoic acid in cow’s colo- 
strum; their analyses are not inconsistent, as will be 
shown below, with the presence of an eicosenoic 
acid in this fat. It is possible, therefore, that the 
trace of milk fat present in the diet of pigs used in the 
present work is the source of A!!—!2 eicosenoic acid. 

Di- and triethenoid acids. Although spectroscopic 
examination determines with fair certainty the 
types of conjugation present in a sample, the ap- 
pearance of diene conjugation after isomerization 
by alkali is not conclusive evidence that a diene 
was present in the unisomerized material, nor does 
the failure to obtain conjugated diene material in 
this way prove the absence of dienes. It is known, 
for instance, that in linoleic acid the double bonds 
are separated by one CH, group only; and the 
mechanism of isomerization by alkali is regarded 
by Kass & Skell (quoted by Wood, Jackson, Baldwin 
& Longenecker, 1944) as involving removal of a 
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proton from the active methylene group of the 1-4 
diene system. Hence it would be expected that, as 
compared with linoleic acid, an isomeric octadeca- 
dienoic acid, in which the double bonds were 
separated by two or more methylene groups, would 
not rearrange to a diene system as readily.* Simi- 
larly, a tetraene acid 


CH,(CH=CHCH,),(CH,), 
(CH=CH—CH,),CH,CH,COOH 


might be expected to rearrange on heating with 
alkali to yield a compound showing only diene 
conjugation. 

In this connexion it is interesting that conjugation 
develops during the reactions of oxygen with methyl 
linolenate and with methyl docosahexaenoate, both 
of which contain the methylene-interrupted system 
bub 6 bb 5. Very little conjugation de- 

| 
velops, however, during the similar reaction between 
oxygen and squalene, which contains the grouping 
| 
scab al Sie ca Farmer, Koch & Sutton 
| | 
(1943) regard this reaction as having a free radical 
mechanism involving attack on the CH, group ad- 
jacent to a double bond, the rearrangement to form 
a conjugated system being made possible by re- 
sonance in the intermediate free radical. Similar 
considerations may apply to the rearrangement of 
1—4-diene acids under the influence of alkali. 

Baldwin & Longenecker (1944 a,b) have con- 
cluded from evidence similar to that presented by 
the present writers that human milk fat and cow 
colostrum fat contain eicosadienoic acids as minor 
component acids. Their methods differed from ours 
in that saturated acids were not removed from their 


* It should be noted, however, that migration of a double 
bond in oleic acid from the 9-10 position to the 2-3 position 
is regarded by Hilditch (1940, p. 315) as explaining the 
isolation of palmitic acid after fusion of oleic acid with 
KOH. 


Table 7. Comparison of different methods of calculation of the composition of fractions containing 
di- and polyethenoid Cy, acids 


Fraction 

Method of calculation nt Our 
assumptions 

Eicosatetraenoic acid (%) 15-5 
Eicosatrienoic acid (%) 6-7 
Eicosadienoic acid (%) 13-3 
Eicosenoic acid (%) 55-0 
Eicosanoic acid (%) 9-5 
Total 100-0 


Fraction 17 (Table 3) of 
Baldwin & Longenecker (1944a). 
Sap. equiv. 316-0; i.v. 130-2 


Fraction 26 (Table 2) of 
Baldwin & Longenecker (19445). 
Sap. equiv. 315-9; iv. 120-8 





B. and L.’s Our B. and L.’s 
assumptions assumptions assumptions 
15-3 20-8 20-8 
oe 1-6 = 
51-6 10-1 34-5 
ia 44-2 ie 
33-1 ae 44-7 
100-0 100-0 100-0 
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fractions by crystallization, and in their calculations 
all the iodine value not accounted for as arachidonic 
acid was attributed to eicosadienoic acid. Alterna- 
tively the assumptions of our work (i.e. that the 
specific extinction coefficients for isomerized linoleic 
and linolenic acids can be applied to the corre- 
sponding Cy, analogues) could be applied to their 
results. Comparisons of the two methods of calcu- 
lation are given in Table 7 for two of their fractions. 
It can be seen that further investigation and more 
accurate characterization of the Cy) di- and poly- 
ethenoid acids is necessary before reaching a. final 
judgement. 

Polymerization. Bradley & Johnston (1940) have 
discussed the products from, and mechanism of, 
thermal polymerization of methyl esters of un- 
saturated fatty acids. The predominant reaction 
was shown to be polymerization by bimolecular 
addition at the double bonds, often preceded by 
conjugation and accompanied by cyclization. Small 
amounts of new low boiling-point materials of low 
molecular weight were also formed, probably by 
thermal decomposition of unsaturated esters. In 
the case of the esters from soybean oil and from olive 
oil, new high boiling-pomt methyl esters were iso- 
lated. Thus from olive oil methy] esters (b.p. (1 mm.), 
140-160°; sap. equiv. 295; i.v. 83-4), a fraction was 
isolated with the following properties: b.p. (1 mm.), 
180—200°; sap. equiv. 404; i.v. 108-6. 

Although the possibility cannot be entirely elimi- 
nated that our polyethenoid C,) acids were con- 
taminated with materials similar to those described 
by Bradley & Johnston (1940), it is believed that 
substances of the latter type were not major con- 
stituents of our fractions for the following reasons. 
First, refractionation of our C,, fractions did nof in 
any case reveal the presence of methyl esters of 
equivalent greater than 327, whereas in the work of 
the former authors, fractions of equivalent greater 
than 350 were consistently obtained. Secondly, the 
products of low equivalent should have been de- 
tected, contaminating the C,, fraction. Thirdly, the 
conditions of distillation would be expected to 
favour rather the continuous removal of any inter- 
mediates of low molecular weight than the further 
condensation of such intermediates with the Cj, 
methyl esters. Fourthly, the iodine values of our 
Cy) polyethenoid fractions are considerably higher 
(even after allowing for the presence of 23% of 
arachidonic acid) than the iodine values of the frac- 
tions obtained by the former authors. Fifthly, the 
iodine values and structures suggested by the former 
authors for the relevant fractions appear to be in- 
consistent with the iodine values and results of 
isomerization by alkali of the polyethenoid fractions 
obtained in the present work. 

Conjugation. In view of the extensive treatment 
necessary during the preparation of the Cy) poly- 
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ethenoid fraction, no certainty can be felt concerning 
the origin of the conjugation present in this material 
to the extent of about 13 % (calculated as A®-1 1-12 
octadecadienoic acid). Purification by distillation 
of linoleic acid (Wood et al. 1944) and of methyl 
arachidonate (Mowry et al. 1942) is known to result 
in development of only traces of diene conjugation. 
The products of thermal polymerization of the 
methyl esters of unsaturated, non-conjugated fatty 
acids have been shown (Bradley & Richardson, 1940) 
not to be conjugated, though conjugation is regarded 
as generally preceding polymerization. Tentatively, 
therefore, it is suggested that the conjugation found 
in the Cy, polyethenoid concentrate is likely either 
to have been derived from C4, di- or triethenoid acids 
by alteration during manipulation, or to have been 
present in the original fat. It may be noted that 
Miller (1940) records for pig leaf fat an E}%, of 2-0 
at 2340A, corresponding (as A®—!% 11-12 octadeca- 
dienoic acid) with approximately 0-2 % of diethenoid 
material. 

General considerations. Evidence is gradually ac- 
cumulating that the C,) acids of animal depot and 
milk fats are probably more complex mixtures than 
had until recently been realized. The work of 
Baldwin & Longenecker (1944 a, b) has been dis- 
cussed somewhat critically above; but the writers 
wish to emphasize their belief that the conclusions 
of the former authors are qualitatively correct. 
Cramer & Brown (1943), from crystallization data, 
reached similar conclusions in respect of human 
depot fat. 

The possible function of C,, di- and triethenoid 
acids as essential factors in nutrition makes further 
investigation of the structure of these acids an 
interesting problem which we hope to investigate 
further. 


SUMMARY 


1. The C,) unsaturated acids of the back fat of 
bacon pigs fed only buttermilk during the fattening 
period have been isolated by crystallization of the 
fatty acids and fractional distillation of their methyl 


and ethyl esters. 
2. Al!-12 eicosenoic acid has been shown to occur 


5% 


%; milk fat is a possible 


probably to the extent of 0- 
source of this acid. 

3. Isomerization by alkali at 180° has been used 
to characterize the C,, polyethenoid acids. 

4. Subject to the limitations of the method dis- 
cussed in the text, evidence is presented for the 
presence of eicosadienoic acid and/or eicosatrienoi¢ 
acid. : 

5. Arachidonic acid was identified by bromina- 
tion as a minor constituent of the Cy) unsaturated 
acids. 

6. No conclusive evidence for the presence of 
unsaturated C,, acids was obtained. 
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The Non-identity of Thudichum’s ‘Glycoleucine’ and norLeucine 


By R. CONSDEN, A. H. GORDON, A. J. P. MARTIN, The Wool Industries Research Association, Leeds, 
O. ROSENHEIM, The National Institute for Medical Research, London, anD R. L. M. SYNGE, 
The Lister Institute of Preventive Medicine, London 


(Received 4 April 1945) 


The natural occurrence of norleucine is generally 
considered in the literature as having been first re- 
ported by Thudichum (1901), who obtained an 
isomer of leucine, originally called ‘glycoleucine’, 
from the proteins of ox brain by baryta hydrolysis. 
When Abderhalden & Weil (1912) first applied 
Fischer’s ‘ester’ method to the proteins of nervous 
tissue they were familiar with the passage in 
Thudichum’s (1901) book on the chemistry of brain, 
in which occurs (pp. 257, 301) the description of this 
amino-acid C,H,,0,N. The acid, differing charac- 


teristically from ordinary l-leucine by the insolu- 
bility of its Cu salt and of the free acid, had a sweet 
taste, and was therefore called ‘glycoleucine’ in 
distinction from the tasteless ordinary leucine. Al- 
though Thudichum considered ‘glycoleucine’ as 
identical with the aminocaproic acid which he had 
obtained from caproic acid by the well-known 
bromine process, he cautiously refrained from 
drawing a conclusion as to its constitution on 
account of the insufficiently characterized com- 
mercial caproic acid used for the synthesis. 
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In their first paper on the subject Abderhalden 
& Weil (1912) paid special attention to the isolation 
of Thudichum’s acid and, guided largely by the 
above-mentioned characteristics, succeeded in iso- 
lating small amounts of a dextrorotatory acid with 
the properties of ‘glycoleucine’ from the leucine 
fractions of hydrolyzed nervous tissue and of spinal 
cord. Abderhalden relied on fractional recrystalli- 
zation for the separation of the mixture of isomeric 
leucines, but reverted more recently (Abderhalden 
& Heyns, 1933) to Thudichum’s original method of 
first fractionating the Cu salts, a procedure followed 
also by Czarnetzky & Schmidt (1932). 

In their second paper Abderhalden & Weil (1913a) 
considered the acid as identical with the /(+)-«- 
aminocaproic acid which Fischer & Hagenbach 
(1901) had obtained from n-caproic acid by the 
bromine process followed by resolution of the re- 
sulting dl-x-aminocaproic acid. The name ‘glyco- 
leucine’ was discarded by Abderhalden as unsuitable 
and replaced by ‘caprine’ and subsequently by 
‘norleucine’ (Abderhalden, Froehlich & Fuchs, 
1913). 

The last name has since passed into the literature, 
and so has the reference to Thudichum’s (1901) book 
as the original place of publication of ‘glycoleucine’. 
For the sake of historical accuracy, however, it 
should be pointed out that the paragraph referring 
to ‘glycoleucine’ in this book is merely a German 
translation from Thudichum’s earlier (1884) book, 
Physiological Chemistry of the Brain. A somewhat 
fuller account of the properties of the two isomeric 
leucines, referring also to the synthesis of ‘glyco- 
leucine’ from caproic acid, appeared two years later 
(Thudichum, 1886). All three accounts, however, 
are based (as indicated by Thudichum in the prefaces 
of his books) on his Reports to the Local Government 
Board, published as Blue Books. The original work 
On Glycoleucin, the first Chemolytic Isomer of 
Leucin, its Properties and Combinations appeared in 
1882 on p. 305 of the 11th Annual Report of the Local 
Government Board, 1881-2 (H.M. Stationery Office, 
London). 

In this publication the specimens of the Cu salt 
and of the pure ‘glycoleucine’ prepared from it are 
given numbers (3220 and 3222) which appear in 
Thudichum’s own handwriting, on the labels of his 
preparations, which form part of the complete col- 
lection of Thudichum’s preparations brought to 
light some time ago (Rosenheim, 1930) and which 
is now preserved at the National Institute for 
Medical Research. The collection includes synthetic 
glycoleucine (no. 153) and ordinary leucine from 
brain (no. 150), the numbers coinciding with those 
in a list of his preparations recorded by Thudichum 
in the pages of his notebooks now in the possession 
of one of us (O. R.). : 

Our examination of the ‘glycoleucine’ prepara- 
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tions made it clear from the outset that only racemic 
leucine isomers could be present, for none of them 
showed a significant optical rotation (Table 1). 
Further study left no room for doubt that ‘glyco- 
leucine’ is not identical with norleucine, but consists 
of dl-leucine. This conclusion is based on the fol- 
lowing evidence. 

(1) Comparison of the Thudichum specimens 
with authentic leucine and norleucine by the ‘mixed 
chromatogram’ method, employing partition chro- 
matography with paper (Consden, Gordon & Martin, 
1944) showed that all three preparations differed 
from norleucine but agreed with leucine. 

(2) Selective oxidation by the /-amino-acid oxi- 
dase of Proteus vulgaris (Bernheim, Bernheim & 
Webster, 1935; Stumpf & Green, 1944) yielded 
d-leucine, identified by its optical rotation in water 
and HCI solution. The «-ketoisocaproic acid formed 
at the same time was isolated as its dinitrophenyl- 
hydrazone, which has a characteristically higher 
m.p. than the corresponding derivative of «-keto-n- 
caproic acid expected to arise from norleucine. 

(3) Asymmetric resolution by Penicillium roque- 


‘ forti Thom (cf. Schulze & Likiernik, 1893) yielded 


d-leucine, identified as in (2) above. 

(4) The preparations yielded acetyl derivatives 
agreeing in m.p. with acetyl-di-leucine and not de- 
pressing its m.p., which is more than 40° higher 
than that of acetyl-dl-norleucine. 

Thudichum obtained his ‘glycoleucine’ by alka- 
line hydrolysis of brain proteins, whereas by acid 
hydrolysis of the same material and of other ‘animal 
albuminous matters’ he obtained ‘leucine’ having 
the usual properties. We have examined a leucine 
specimen of his (no. 150) and found it to agree in 
optical rotation in water and HCl solution with 
l-leucine (Table 1). It is clear from present-day 
knowledge of the behaviour of amino-acids that the 
baryta hydrolysis racemized the leucine present. 
The difference in taste of ‘leucine’ and ‘glycoleucine’ 
noted by Thudichum is consistent with Fischer & 
Warburg’s (1905) observations on the sweet taste 
of dl-leucine and d-leucine. 

Thudichum’s failure to recognize the identity of 
his glycoleucine with racemic leucine may be readily 
understood when it is recalled that in 1882 two 
relevant facts were still unknown, i.e. that natural 
leucine is optically active and that its racemization 
is brought about by baryta, altering both its solu- 
bility (Schulze & Likiernik, 1891) and taste (Fischer 
& Warburg, 1905). 

The divergence in properties from norleucine of 
Thudichum’s synthetic product fully justifies his 
scepticism as to the nature of the caproic acid he 
used as starting material. 

In view of these results it seemed to us of interest 
to examine an acid hydrolysate of ox spinal cord 
for the presence of norleucine. Most workers sub- 
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sequent to Thudichum who claim to have isolated 
norleucine have used this tissue. Examination of 
the hydrolysate by the method of Consden e¢ al. 
(1944) failed to reveal any norleucine, whereas the 
addition to the hydrolysate of authentic dl-nor- 
leucine (the added norleucine N being 0-03 % of the 
total N of the hydrolysate) could be clearly detected. 

Optical rotation has been the criterion of identifi- 
cation most frequently employed by past workers 
in reporting isolations of norleucine. Unfortunately 
the optical rotation of 1(+)-norleucine, both in 
water and HCl solution, is intermediate between 
those of the authentic and widely distributed protein 
constituents /( — )-leucine and I( + )-isoleucine. Most 
of the other criteria have been physical properties 
of the free amino-acid crystals, or of crystals of 
derivatives (Abderhalden & Weil, 1912, 1913 a, b; 
Czarnetzky & Schmidt, 1932; Yaginuma, Arai & 
Hayakawa, 1932; Abderhalden & Heyns, 1933; 
Nuccorini, 1934). In these studies little, if any, 
effort was made to exclude the possibility of pre- 
parations being mixed crystals or ‘molecular com- 
pounds’ of (say) leucine and isoleucine derivatives. 
F. Ehrlich (1904) specifically mentions the diffi- 
culties of separating these two compounds by 
crystallization from water of the free amino-acids 
or their Cu salts. In what is often regarded as the 
most convincing identification of norleucine, the gas 
titration of Czarnetzky & Schmidt (1932), it is un- 
fortunate that the optically active natural product 
was compared with racemic synthetic material. 

Of characteristic properties in the dissolved state 
for differentiating norleucine from its naturally oc- 
curring isomers the most suitable recorded by pre- 
vious workers seems to have been the velocity of 
trimethylamination of the corresponding bromo- 
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(ef. Vickery, 1941). The absence of leucine, zsoleucine 
and other probable contaminants from such pre- 
parations should also be demonstrated. A con- 
siderable number of microbiological and chromato- 
graphic methods suitable for both these purposes 
has recently become available, and some of these 
are also capable of greatly facilitating the isolation 
of norleucine from natural material. 


EXPERIMENTAL AND RESULTS 


Authentic preparations employed for comparisons 

dl-Leucine I. The preparation of Synge (1939). Resolved 
to yield d-leucine [«]5", — 13-2° (6N-HCl, 1=2, c=5), and 
its acetyl derivative as there described. 

dl-Leucine IJ. A synthetic preparation, kindly put at 
our disposal by Dr A. Neuberger. [a]p, +0-0° (water or 
6Nn-HCl). 

dl-norleucine I. The preparation of Synge (1939). Re- 
solved to yield d-norleucine and its acetyl derivative as 
there described. 

dl-norleucine II. Synthesized by Dr M. 8S. Dunn, Los 
Angeles, and kindly given by Prof. C. L. A. Schmidt, 
Berkeley University, California. 

Preparation of ‘glycoleucine’ from 
Thudichum’s Cu salt 

The blue crystalline powder (no. 3220) was insoluble in 
cold or boiling methanol, benzyl alcohol or acetone; this 
indicates the absence of isoleucine. The salt (5-4 g.) was 
suspended in 500 ml. water and H,S passed into the sus- 
pension, which was kept boiling gently for several hours. 
The colourless solution obtained after removal of CuS 
(norit) was taken to dryness on the water-bath. The fluffy 
residue of white shiny crystals was dissolved in 150 ml. 
boiling water and diluted with 75 ml. of ethanol. Shiny 
leaflets deposited on cooling (F1, 3-13 g.). The filtrate was 
concentrated in vacuo to 50 ml. and the addition of an 
equal volume of ethanol produced a further crop of crystals 
(F2, 0-51 g.). 


Table 1. Optical rotation of Thudichum’s preparations 


Preparation 
‘Leucine’ 


‘Glycoleucine’ 


From Cu salt: Fl 


Synthetic ‘glycoleucine’ 


Solvent 


Water 
6n-HCl 


Water - 
6n-HCl 

Water 

6n-HCl 

F2 6n-HCl 

Water 

6n-HCl 


[a] D 
—10-7° 
+14-7° 
0-6° 
0-6° 
0-74° 
0-24° 
0-0° 
0-0° 
0-0° 


All rotations were measured in a 4 dm. tube. 


acids (Abderhalden & Beckmann, 1932). However, 
Abderhalden & Heyns (1933) applied this reaction 
only to crude fractions of natural origin, and not to 
their purified preparations. 

In view of our results it seems desirable that 
before norleucine be accepted as occurring in nature, 
the amino-acid isolated should be characterized by 
methods less equivocal than those hitherto employed 


Partition chromatography of Thudichum’s 
preparations 


The method used is described by Consden e¢ al. 
(1944). A few mg. of each sample were stirred with 
a drop of water. The copper salt suspensions were 
treated with H,S and the resulting mixtures used 
without filtering. About 3-4yl. of each solution 
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were put on a strip of Whatman no. 1 paper, which sprayed with 0-1% (w/v) ninhydrin in n-butanol, 
was then hung from a trough containing benzyl dried again and heated to 105° for 5 min. 
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Fig. 1. Diagram of chromatogram of Thudichum’s preparations. The solutions were applied along the broken line in the 
positions indicated by the dotted circles. The shaded areas represent the spots obtained after development of the 
chromatogram for 48 hr. in benzyl alcohol saturated with water, drying, and treatment with ninhydrin. 


alcohol saturated with water, in an atmosphere A preliminary experiment showed that each of 
saturated with water and benzyl aleohol and con- the Thudichum preparations gave only one spot 
taining HCN. After 48 hr., the strip was dried, and hence each could be considered as consisting of 
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one amino-acid only. Further, the R, values 
(Consden et al. 1944) were consistent with their all 
being leucine. In a second run, each sample was 
applied to the paper as described above, with and 
without the addition of dl-norleucine I. Asa control, 
a mixture of leucine, isoleucine and norleucine was 
used. Fig. 1 shows the results obtained after running 
and treating with ninhydrin. Whereas each of the 
Thudichum samples gave single spots corresponding 
to leucine, those which had the addition of norleucine 
gave two spots corresponding to leucine and nor- 
leucine. 

dl-norLeucines I and II were examined as above 
and shown to be indistinguishable. 


Action of |-amino-acid oxidase on ‘glycoleucine’ 


(a) d-Leucine from ‘glycoleucine’. Suspensions of 
‘resting’ Proteus vulgaris (Strain X19) were pre- 
pared according to Stumpf & Green (1944) and aged 
for 14 days at 0°. Ten ml. of a suspension (5-5 mg. 
dry wt./ml.) were added to a solution of 1 g. glyco- 
leucine (no. 3222) in 100 ml. phosphate buffer of 
pH 7-4 and the mixture aerated for 5 hr. at 37°. 
After centrifuging, the supernatant solution was 
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resulting hydrazone was freed from non-acidic 
hydrazone (resulting from partial decarboxylation 
of the keto-acid) by washing its solution in ethyl 
acetate with a dilute solution of NaHCO,, and 
finally recrystallized from a mixture of ethyl acetate 
and petrol. The 2:4-dinitrophenylhydrazone of «- 
ketoisocaproic acid crystallized in rhombic crystals, 
m.p. 155—156° (found: N (Dumas), 18-5 %; cale. for 
C,.H,,0,N,: N, 18-1%). A mixed melting-point 
with the hydrazone prepared in the same way from 
dl-leucine showed no depression. The highest m.p. 
recorded for the dinitrophenylhydrazone of «-keto- 
n-caproic acid is 148° (cf. Stumpf & Green, 1944; 
Blanchard, Green, Nocito & Ratner, 1944). 


The action of Penicillium spp. on glycoleucine 


The classical experiment of Schulze & Likiernik 
(1891, 1893) on the asymmetric biological resolution 
of synthetic dl-x-amino-isocaproic acid by a green 
mould from cheese, Penicillium glaucum Link, has, 
as far as we are aware, never been repeated. The 
isolation for the first time of d-leucine thus enabled 
these authors to establish the constitution of natural 
l-leucine. Since that time the designation P. glaucum 


Table 2. Products of action of |-amino-acid oxidase of Proteus vulgaris on ‘glycoleucine’ and dl-leucine 


[a]5° (c=1, 1=4) 
goed 


N (Dumas) (%) 





Water 
From ‘glycoleucine’ +11-4° 
From dl-leucine IT +11-1° 


treated with norite and taken to dryness in vacuo. 
Approximately 60% of the unattacked amino-acid 
was recovered (cf. Stumpf & Green, 1944), identical 
with d-leucine obtained in the same yield from a 
similar control experiment with di-leucine II (see 
Table 2). . 

(b) «-Keto-isocaproic acid from ‘glycoleucine’. The 
keto-acid produced by the selective oxidation of the 
laevorotatory moiety of ‘glycoleucine’ was charac- 
terized as its 2:4-dinitrophenylhydrazone. After the 
removal of d-leucine the remaining solution was 
concentrated to 40 ml. and, after dilution with 
20 ml. of 6N-HCl, an excess of a solution of 2:4- 
dinitrophenylhydrazine in 2N-HCl was added. The 


f ee ——— 
Cale. for 
6Nn-HCl Found C,H,,0.N 
— 15-6° 10-4 10-7 
—15-4° ai ae 


Link, now known to cover many distinct species, 
has been discarded by mycologists, who recognized, 
in agreement with Thom (1910), that Link ‘lumped 
into his species P. glaucum every kind of green 
Penicillium’. As it is no longer possible to identify 
the species used by Schulze & Likiernik, we selected 
for exploratory experiments with dl-leucine three 
P. species at random, i.e. P. notatum, strain B592, 
P. terrestre, no. 763, National Collection of Type 
Cultures (N.C.T.C.) and P. roqueforti Thom no. 588, 
N.C.T.C. Of these, the last species, originally iso- 
lated from cheese, like Schulze’s species, proved to 
be the most suitable. It may be noted that the 
strain of P. terrestre had been received by the 


Table 3. The action of Penicillium spp. on ‘glycoleucine’ and dl-leucine 


Length of Yield of d-leucine [x]p 
incubation —_——_"—— ——__—— 
P. species period Final colour % of In In 
employed Substrate (days) of medium g. theory water* 6Nn-HCI* 
P. roqueforti ‘Glycoleucine’ 78 None 0-279 56 +10-9° - 151 
dl-Leucine IT 76 None 0-291 58 +10-9 — 15-2° 
P. notatum dl-Leucine IT 84 Deep yellow 0-160 33 +11-7° — 14-8 
P. terrestre dl-Leucine II 84 Brown 0-095 19 - — 15:1 


* The optical rotations were measured in a 4 dm. tube. e=1 (+0-1). 
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National Collection of Type Cultures as P. glaucum 
from the late Sir Arthur Harden and is presumably 
identical with the strain used by McKenzie & Harden 
(1903) in their research on the resolution of racemic 
acids by the biological method. 


(a) Cultivation of the moulds. The moulds were grown 
on Czapek’s (1902) solution of inorganic salts, ‘glycoleucine’ 
and dl-leucine serving as the sole source of carbon and 
nitrogen. Solutions of 1-0 g. of the respective amino-acid 
in 200 ml. medium were introduced into sterile conical 
flasks of 750 ml. capacity, which were autoclaved for 1} hr. 
at 15 lb./sq.in. pressure. After inoculation with the spores 
of the moulds, obtained from fresh subcultures, the flasks 
were incubated at 24° in the dark for periods of from 
2 to 3 months. 

The three species showed characteristic differences on 
incubation. Surface growth was fairly rapid with P. notatum 
and less so with P. terrestre. Only relatively slight sub- 
merged growth took place with P. roqueforti, isolated small 
patches of white mycelium appearing on the surface only 
after 8-10 weeks, and the solution remained completely 
colourless. The colour of the solution in the P. notatum 
flasks gradually deepened from a pale to an intense yellow, 
and became deep brown in the media inoculated with 
P. terrestre. 


(6) Recovery of unattacked leucine. At the end of 
the arbitrarily chosen incubation period, the myce- 
lium was removed by filtration through paper, the 
solution decolorized with norite when necessary and 
concentrated until crystallization began. The colour- 
less shiny crystals were collected and dried at 100°, 
after washing with water and ethanol. A small 
second crop was usually obtained by carefully 
adding ethanol to the filtrate of the first crop. The 
final solution was freed from ethanol and reserved 
for further examination (see below). 

The results, presented in Table 3, again demon- 
strate the identity of ‘glycoleucine’ with dl-leucine. 
All three Penicillia had attacked preferentially the 
natural antipode, J-leucine, but the amounts of the 
remaining dextrorotatory isomer varied to a con- 
siderable extent. The yield of d-leucine in the case 
of P. roqueforti was of the same order (two-thirds of 
theory) as in Schulze & Likiernik’s (1893) experi- 
ment with P. glaucum. The results are in agreement 
with the conclusion reached by Pringsheim (1910; 
ef. McKenzie & Harden, 1903) that moulds attack 
both components of racemic amino-acids simul- 
taneously but at different rates. 

(c) a-Ketoisocaproic acid from ‘glycoleucine’ by the 
action of P. roqueforti. Only traces of «-keto-iso- 
caproic acid were found amongst the reaction pro- 
ducts of P. notatumand P. terrestre (1-5-3 and 4-5 mg. 
respectively, as 2:4-dinitrophenylhydrazones). In 
the case of P. roqueforti, however, copious precipi- 
tates of hydrazones were obtained in the experi- 
ments with ‘glycoleucine’ and dl-leucine. On puri- 
fication (see above) and crystallization from ethyl 
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acetate-petrol they yielded well-formed prisms, 
m.p. 154-155°, unchanged in mixed melting-point 
with an authentic specimen of 2:4-dinitro- 
phenylhydrazone of «-ketoisocaproic acid and had 
N, 18-2%. 
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These results indicate that the growing submerged 
mycelium of P. roqueforti synthesizes an active 
l-amino-acid oxidase, giving rise to «-ketoisocaproic 
acid. The inability of this mould to make use of the 
acid would thus explain the scanty development of 
surface growth and therefore the limiting factor 
under the conditions of the experiment may be an 
insufficient supply of carbon. 


Preparation of acetyl derivatives 


100 mg. each of Thudichum’s natural (no. 3222) 
‘glycoleucine’, the product F 1 (above) regenerated 
from Thudichum’s Cu salt, and Thudichum’s syn- 
thetic (no. 153) ‘glycoleucine’ were acetylated by 
the addition, in portions and with cooling, of 0-18 ml. 
acetic anhydride and 1-8ml. 2N-NaOH. After 
10 min., 10N-H,SO, equivalent to the NaOH was 
added and an acetyl derivative crystallized out. 
After keeping at 0° overnight it was filtered off, 
washed with a little water and dried. All three 
preparations yielded 60-70% of the theoretical of 
acetyl derivative, having m.p. 157—158°, and in no 
ease depressing the m.p. of authentic acetyl-dl- 
leucine of m.p. 158° (cf. Fischer, 1901). 

Acetyl-dl-norleucine was prepared in the same 
way and in the same yield from dl-norleucine I. It 
had m.p. (constant on recrystallization from water) 
108°. (Found: C, 55-6; H, 8-65; N (Kjeldahl), 8-2 %; 


acid equiv. wt. 171. C,H,;0,N requires C, 55-5; 
H, 8-67; N, 8-1%; acid equiv. wt. 173.) (Cf. Snyder, 
Shekleton & Lewis (1945).) 

Mixtures of acetyl-dl-leucine and acetyl-dl-nor- 
leucine melted unsharply at temperatures inter- 
mediate between the m.p.’s of the pure substances. 


Partition chromatographic examination of 
hydrolysate of ox spinal cord 


Spinal cord from a freshly slaughtered ox was 
refluxed for 24 hr. with 6N-HCl. After removal of 
most of the HCl in vacuo and filtration from fat and 
humin, the hydrolysate was diluted with water to 
give a solution containing 11-35 mg. N/ml. (Kjel- 
dahl). 

Preliminary tests with the hydrolysate as de- 
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scribed in the section dealing with the chromato- 
graphy of Thudichum’s preparations gave no indi- 
cation of a spot corresponding to norleucine. For 
the purpose of a semi-quantitative estimation, 
various amounts of norleucine were run in benzyl 
alcohol as already described and it was found that 
as little as 0-5ug. of norleucine gave a faint but 
distinct spot. The spinal cord hydrolysate (16 yl.) 
was run for 48 hr. with and without the addition of 
0-5 yg. of norleucine, and 0-5 ug. of norleucine alone 
served as a control. The result is shown in Fig. 2. 
Whereas spinal cord alone gave no spot corre- 
sponding to norleucine, such a spot appeared quite 
clearly when norleucine was added to the hydro- 
lysate. It is therefore concluded that if norleucine 
is present in spinal cord, the norleucine N must be 
less than 0-03 % of the total N. 


SUMMARY 


1. Thudichum’s original specimens of ‘glyco- 
leucine’, the amino-acid isolated by him in 1882 
from the proteins of brain, have been examined 
(a) for optical activity, (b) by partition chromato- 
graphy, (c) by treatment with the /-amino-acid 
oxidases of Proteus vulgaris and of Penicillium 
roqueforti, and (d) by the preparation of acetyl 
derivatives. 

2. The results proved conclusively that ‘glyco- 
leucine’ is not identical with norleucine, as hitherto 
assumed, but consists of dl-leucine. 

3. A partition chromatographic examination of 
an acid hydrolysate of ox spinal cord indicated the 
absence of norleucine. The need is emphasized of 
characterizing this amino-acid by less equivocal 
methods than hitherto employed before accepting 
it as occurring in nature. 

The authors wish to thank Dr T. A. Fuller for advice 
and help in carrying out experiments with Penicillium spp. 


and Mrs J. Stack for supplying cultures of Proteus vulgaris. 
Our thanks are due to Mr W. W. Starling for efficient 
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During determinations of the concentrations of 
cinchona alkaloids in the blood of chicks, difficulty 
was experienced in finding a sufficiently sensitive 
method for the non-fluorescent alkaloids, cinchonine 
and cinchonidine. Young chicks up to 4 weeks old 
were used, so that samples of not more than 1 ml. 
of blood and plasma were obtainable. The oral doses 
of alkaloids were only 50 mg./kg. body weight. It 
was therefore necessary to find a method of deter- 
mination sensitive to at least 1 yg. of alkaloid. 

The silico-tungstate nephelometric method of 
Kyker, Webb & Andrews (1941) was tried, but even 
after modification to suit our conditions, it was not 
possible to detect less than 10yg. of alkaloid. Pre- 
viously our attention had been attracted to the 
method of Prudhomme (1940), in which quinine 
combines with eosin to form a coloured compound 
extractable with chloroform. This method was re- 
jected mainly because the eosin colours were too 
weak, and the coloured compound in chloroform 
solution was readily adsorbed on to the walls of 
the tube. 

Our interest in this reaction was revived when it 
was discovered by one of us (E. W. R.) that bromo- 
thymol blue formed a similar compound with 
quinine. If to a solution of quinine bromothymol 
blue indicator was added and the mixture allowed 
to stand, a yellow colour could be extracted by 
shaking with chloroform. The depth of colour ex- 
tracted was proportional to the concentration of 
quinine. This reaction was given by the four prin- 
cipal alkaloids of cinchona bark, quinine, quinidine, 
cinchonine and cinchonidine, by certain derivatives 
of these alkaloids, and by some other nitrogen- 
containing compounds (see later). It was decided 
to investigate the possibilities of this reaction as a 
quantitative method for determining cinchona alka- 
loids in biological material. 


EXPERIMENTAL 
Factors influencing colour production 


Optimum time for bromothymol blue alkaloid reaction. 
Mixtures of quinine and bromothymol blue solutions were 
allowed to stand for varying intervals of time before ex- 
traction. The amount of colour extracted reached a constant 
level in 60 min. 

Choice of solvent for colour extraction. Although chloroform 
was used by Prudhomme (1940) to extract the eosin-quinine 
compound, its use had certain objections. Being heavier 
than water, it was difficult to pipette off the lower chloro- 
form layer into colorimeter cells without contamination 
with the aqueous layer. Chloroform readily formed emul- 
sions on shaking with aqueous solutions, which were difficult 
to break down even by centrifuging. Other organic solvents 
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Fig. 1. The influence of pH on the extraction of bromo- 
thymol blue cinchona compound by (A) chloroform, and 
(B) benzene. 


were therefore tried, including light petroleum, carbon 
disulphide, carbon tetrachloride, n-butyl and amy] alcohols, 
benzene, toluene and xylene. Petroleum failed to extract 
any colour, while n-butyl and amyl alcohols extracted 
bromothymol blue itself. The other solvents were about 
equally efficient, and benzene was finally chosen. 

Effect of pH on extraction. Decrease of pH was found to 
increase the amount of colour extracted by chloroform. 
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Investigations over the range of Sorensen’s phosphate 
buffers (pH 5-4-8-0) showed that the colour extracted from 
a ‘blank’ bromothymol blue solution without any alkaloid 
also increased rapidly as the pH fell. On the other hand, 
pH variations had little effect on the depth of colour ex- 
tracted by benzene (Fig. 1). 

Optimum time for extraction of colour. Benzene was added 
to bromothymol blue-alkaloid solutions which had stood 
for 60 min. in narrow bore tubes. The tubes were tightly 
closed with corks covered with cellophan and were shaken 
mechanically along the line of the long axis of the tube, at 
200 complete oscillations/min. Under these conditions, the 
amount of colour extracted reached a constant level after 
30 min. 


Extraction of alkaloid from biological material 

The method used by Prudhomme (1940) for blood in- 
volved the precipitation of proteins by H,SO, and large 
quantities of Na,SO,, which caused considerable incon- 
venience by crystallizing out in the filtrate. The extraction 
procedure used by Kyker et al. (1941) consisted of a long 
continuous extraction with ether in a special apparatus 
and was applicable only to fluid material. A more satis- 
factory method for our purpose was the extraction process 
described by Kelsey & Geiling (1942), and a modified form 
of this method was finally adopted. 


METHOD 


Lake 1 ml. of oxalated blood in 29 ml. of water; 
add 5 ml. N-NaOH. Heat for 30 min. on a steam- 
bath. Cool and transfer to a separating funnel. Add 
2ml. acetone and 50 ml. ether, shake thoroughly, 
allow to stand for a few minutes and shake again. 
Allow to stand till both layers are quite clear; 
discard the aqueous layer. Shake the ether with 
50 ml. 0-5N-KOH; allow to stand till both layers 
are clear; discard the KOH. Shake the ether with 
50 ml. of water; allow to separate, and discard the 
water. To the washed ether add 2-5 ml. 0-05N-HCI; 
shake thoroughly, allow to separate and run the 
acid into a 25 ml. beaker. Extract the ether with 
a second 2-5 ml. of acid and mix the acid extracts. 
Warm on a sand-bath to drive off dissolved ether. 

To the acid extract add 1 ml. 0-04 % (w/v) bromo- 
thymol blue solution and neutralize to approxi- 
mately pH 7-0 (green colour) with N-NaOH (use 
0-1N-NaOH towards the end-point). Transfer the 
neutralized solution to a narrow bore tube. Add 
1 ml. Sorensen’s buffer of pH 7-0, mix and allow to 
stand for 60 min. Add exactly 1 ml. benzene, close 
the tube with a tight-fitting cork covered with 
cellophan, and place on the shaker for 40 min. 
Centrifuge at moderate speed for 10 min. Pipette 
the separated benzene layer into a 0-5 ml. colori- 
meter cell. 

The depth of colour was measured in our deter- 
minations in a Spekker Photoelectric Absorptio- 
meter, using Ilford Spectrum filters no. 601 (violet). 
Standard curves were prepared by adding known 
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amounts of alkaloid to volumes of blood equal to 
those used in actual determinations. Where larger 
volumes of blood are available, 5 or 10 ml. samples 
may be used. The ether extract should then be 
extracted with two 5 ml. portions of HCl and 5 ml. 
each of bromothymol blue solution and buffer added. 
The final colour may be extracted with 5—15 ml. of 
benzene, which enables visual colorimeters of the 
Klett type to be used. 

The extraction procedure described above can be 
used for material other than blood. Fluid materials 
should be treated in the same way as blood; tissues 
should be dropped into 2% NaOH and heated until 
completely disintegrated before extraction. 


RESULTS 


Fig. 2 shows standard curves prepared using 
(A) 1 ml. of chick blood and extracting finally with 
1 ml. of benzene, and (B) 5 ml. of chick blood and 
extracting with 7 ml. of benzene. Curves obtained 
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Fig. 2. Standard curves, using Spekker Photoelectric Ab- 
sorptiometer with Ilford Spectrum filters no. 601. 
A, extracted with 1 ml. benzene; B, extracted with 7 ml. 
benzene. 


by determination of the alkaloid in simple aqueous 
solution are also shown. There was considerable 
discrepancy between the ‘water’ and ‘blood’ stan- 
dard curves, but this apparent ‘loss’ of alkaloid 
when extracted from biological material appeared 
to be constant. The error can therefore be eliminated 
by using standard curves prepared by extracting 
graded amounts of alkaloid from biological material. 

Recovery experiments. Known amounts of cin- 
chonidine were added to | ml. quantities of blood 
and the alkaloid content determined. Table 1 shows 
the amounts added and recovered, and the per- 
centage recovery. The determinations on rabbit 
plasma and human urine were read from a standard 
curve prepared by using chick blood. Since good 
recoveries were obtained, it appears that the appa- 
rent ‘loss’ of alkaloid when extracted from biological 
material is constant whatever the nature of the 
material. If, however, any doubts are entertained 
as to the accuracy of a series of results, it is ad- 
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visable to prepare specific standard curves using 
the same material as in the actual determinations. 
Table 1. ‘Recoveries’ of cinchonidine 
added to biological material 


Cinchonidine Cinchonidine 


added recovered Recovery 
Material (ug.) (ug.) (%) 
Rabbit blood 0-25 0-5 200 
1-5 1-5 100 
7-0 7:8 111 
13-0 13-1 101 
18-0 18-5 103 
Rabbit plasma 13-0 13-4 103 
Human urine 13-0 13-75 106 


As a further check of the accuracy of the method, 
comparisons were made with the silico-tungstic acid 
method of Kyker e¢ al. (1941). 15 yg. of cinchonine 
added to blood were determined by both methods. 
The recoveries of alkaloid were by this method, 
15-4g., by the silico-tungstic acid method, 16-0yug. 


DISCUSSION 


It was shown’ by Prudhomme (1940) that eosin 
would react with quinine to form a compound ex- 
tractable with chloroform. In view of the similarity 
of chemical constitution between eosin and bromo- 
thymol blue, it is not surprising that the latter 
behaves similarly towards cinchona alkaloids. The 
reaction is not specific for this group of organic bases. 
Prudhomme reported that ephedrine, eserine, pilo- 
carpine and atropine combined with eosin, but that 
caffeine, aspirin, sulphonamides, veronal, gardenal, 
urea and amino-acids did not. Auerbach (1943) re- 
ported that bromothymol blue or bromophenol blue 
would combine with quaternary ammonium salts in 
alkaline solution. We found that bromothymol blue 
combined with ephedrine, atropine, eserine and 
strychnine, but the colours extracted were less in- 
tense than those produced by equal amounts of 
cinchona alkaloids. Cysteine, p-aminobenzoic acid, 
histamine, urea, adrenalin, caffeine, morphine, nico- 
tine, sulphanilamide, aspirin and glucose produced 
no extractable colour. This negative list includes 
most of the substances which might naturally occur 
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in blood samples, and also some of the medicaments 
which might be administered together with cin- 
chona alkaloids. 

Using this reaction as a quantitative measure for 
cinchona alkaloids, we have shown that amounts of 
alkaloid as low as 0-25yug. can be detected. The 
method is therefore almost as sensitive as a fluori- 
metric method, and should consequently be of value 
in determining the non-fluorescent alkaloids. The 
use of bromothymol blue eliminates the practical 
difficulties attending the eosin method already men- 
tioned. Also, Prudhomme’s method requires 10 ml. 
blood samples, and attempts to work with smaller 
volumes produced difficulties in filtration because 
of the large amount of sodium sulphate present. 

The modifications of Kelsey & Geiling’s (1942) 
extraction procedure were introduced chiefly to 
reduce the time factor. A thorough shaking with 
one portion of ether was found to be sufficient to 
extract practically 100% of the alkaloid, thus 
enabling the whole procedure to be carried out in 
one separating funnel. The 2 ml. of acetone were 
used instead of 20 ml. of ethanol in preventing 
emulsion formation to reduce the possibility of loss 
of alkaloid by reduction of the partition coefficient 
between the phases. A single washing with stronger 
potassium hydroxide was introduced, followed by 
a single washing with water to remove residual 
KOH. An important point to observe is that after 
all shakings the funnel should be allowed to stand 
until separation is absolutely complete, as indicated 
by the absence of cloudiness in either layer. This 
modified method of extraction has been used con- 
tinuously in this laboratory for fluorimetric, nephelo- 
metric and colorimetric determinations of cinchona 
alkaloids. 

SUMMARY 


1. A colorimetric method for determining cin- 
chona alkaloids, based on the formation of a coloured 
compound with bromothymol blue, is described. 

2. Using small capacity cells in a photoelectric 
photometer, the method is sensitive to 0-25yg. of 
alkaloid. 

3. The specificity of the reaction has been investi- 
gated, and lists of substances which do or do not 
combine with bromothymol blue are included. 
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2. THE INFLUENCE OF BUFFER SALTS ON THE RATE OF DESTRUCTION OF 
CO-CARBOXYLASE AT 100°C. 


By K. T. H. FARRER, Research Division, Kraft Walker Cheese Co. Proprietary, Ltd., 
Melbourne, Australia 


(Received 19 April 1945) 


The rate of destruction of aneurin at 100° has been 
studied in detail (Farrer, 19416; Beadle, Greenwood 
& Kraybill, 1943; Booth, 1943; Farrer, 1945). How- 
ever, aneurin also occurs in food products as a 
pyrophosphoric ester, co-carboxylase. Greenwood, 
Beadle & Kraybill (1943) have stated that aneurin 
is slightly less stable than co-carboxylase. Booth 
(1943), on the other hand, found that co-carboxylase 
was destroyed more rapidly than aneurin in boiling 
phosphate-phthalate buffer solutions. Because of 
these conflicting statements and the characteristic 
behaviour of aneurin on boiling in various buffer 
solutions, it was decided to apply the methods used 
with aneurin (Farrer, 1945) to a similar study of the 
rate of destruction of co-carboxylase on boiling in 
different buffer solutions. Lincoln, Hove & Harrel 
(1944) examined the percentage destruction of 
aneurin and co-carboxylase from pH 3-5 to 7-0 at 
120° in Mcllvaine’s citric acid-phosphate and Clark 
and Lubs’s phosphate-sodium hydroxide buffers. 
They found that co-carboxylase was destroyed 
rather more rapidly than aneurin, though no de- 
tailed study was attempted. The work now recorded 
shows that at 100° co-carboxylase is destroyed more 
rapidly than aneurin at all pH values from 3-0 to 7-5 
(above which destruction is very rapid indeed), and 
describes quantitatively the rate of destruction. 


METHODS 


Buffer solutions. The following solutions were prepared 
with A.R. reagents: (a) 0-1 M-citric acid, (b) 0-2M-Na,HPO,, 
(c) m/15-NaH,PO,, (d) m/15-Na,HPO,, (e) a solution 0-2 
with respect to both KH,PO, and K,HPO,. The McIlvaine 
buffers were made from (a) and (6), the Sorensen series from 
(c) and (d), and (e) was adjusted to pH 5-8 with NaOH 
(10%). 

Co-carboxylase stock solution. A sample of co-carboxylase, 
supplied gratis by Messrs Merck and Co., Rahway, N.J., 
U.S.A., was used. 10 mg. were dissolved in water and made 
to 100 ml. 

Estimation of aneurin. The Jansen thiochrome method 
was used, and the procedure and apparatus employed were 
the same as previously described (Farrer, 1941 a, 1945). 

Experimental procedure. 5 ml. of co-carboxylase stock 
solution were made to 200 ml. with buffer solution, and 
the final pH checked with a Cambridge pH meter, using 
the glass electrode. The solution was then boiled under 
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reflux in a 300 ml. Erlenmeyer flask connected to a Davies 
condenser by means of a ground glass joint. Samples 
(22-25 ml.) were withdrawn at regular time intervals (e.g- 
15 min.) into 75 ml. Erlenmeyer flasks and cooled rapidly 
under the tap. When cool, 20 ml. were pipetted into 50 ml. 
volumetric flasks, diluted almost to 50 ml. with acetate 
buffer of pH 4-0-4-5 (approx. 60 ml. glacial acetic acid and 
67 g. anhydrous sodium acetate/l.), and incubated over- 
night, with the addition of takadiastase, at 37°. The volume 
was finally adjusted to 50 ml., and 5 ml. samples taken for 
aneurin determination. 

In the case of those solutions from which it was necessary 
to withdraw samples more frequently than at 15 min. 
intervals, the above procedure was modified somewhat. 
The co-carboxylase was added to the already boiling buffer 
solution, and the time was taken by means of a stop-watch 
which was started when half the co-carboxylase solution 
had run in. Samples were taken with the wash bottle 
arrangement mounted in a cork stopper (Farrer, 19415). 

In each case the pH was checked after the solution which 
remained at the conclusion of the experiment had cooled. 
Agreement with the original pH was good in all cases. 

To ensure that the temperature of boiling was virtually 
constant throughout, the barometer reading was taken for 
each solution studied. Deviations from 100° were insigni- 
ficant. 

RESULTS 


The galvanometer deflexions were plotted against 
time for each solution, giving curves of the same 
type as were obtained for aneurin. The monomole- 
cular reaction law has been applied to each curve by 
plotting log (a—) against time, and straight lines 


Table 1. Rate of destruction of co-carboxylase 
at different pH values 


(k denotes velocity coefficient.) 
Sorensen phosphate Mellvaine citric acid- 
buffer phosphate buffer 
pH k pH k 
0-00322 3-07 0-00152 
0-00374 3-48 0-00216 
0-00553 3-96 0-00321 
0-0316 4-53 0-00560 
0-0392 4-96 0-00955 
0-151 5-67 0-0155 
6-12 0-0277 
6-62 0-0822 
7-15 0-0575 
7-55 0-107 
17 
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have again been obtained. From these straight lines, 
k, the velocity coefficient, has been calculated (see 
Table 1). The progress of the destruction of co- 
carboxylase with time can be followed readily from 


Sorensen buffer 


© Cocarboxylase 
e Aneurin 


M¢Ilvaine buffer 


© Cocarboxylase 
e Aneurin 


3 
Fig. 1. Log k/pH curves for aneurin and co-carboxylase. 


the value of k and the large number of curves already 
presented for the buffer solutions used (Farrer, 
19416, 1945). Log k has again been plotted against 
pH (Fig. 1). 

DISCUSSION 


As with aneurin so also with co-carboxylase, the 
curves obtained by plotting pH against logk 
(pH/log k curves—Fig. 1) are similar to those ob- 
tained by plotting pH against added acid or alkali 
for the buffer mixture used (buffer curves), in that 
the discontinuities on the pH/log k curves occur at 
approximately the same pH values as the discon- 
tinuities on the buffer curves. The latter are suffi- 
ciently well known not to need reproduction here. 
It can be said, therefore, that the destruction of 
co-carboxylase, too, is conditioned by pH and by 
the ionic environment. 

It is also apparent that the rate of destruction of 
co-carboxylase is, in most solutions studied, very 
much greater than the rate of destruction of aneurin. 
With the Sorensen phosphate buffer the pH/log k 
curves for aneurin and co-carboxylase appear to be 
almost parallel in the range investigated (pH 5-0- 
7-0), but this is not the case with the McIlvaine 
buffer which was examined over a much greater 
range (pH 3-0—7-5), as it is seen that the curves 
diverge as the pH rises to 7-0 and thereafter they 
tend to converge. 
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Log k values for aneurin (log k4) and for co-carb- 
oxylase (log kg) for each solution examined are tabu- 
lated, together with the difference, log kg—log ky, 
which is hereafter referred to as A log k (see Table 2). 


Table 2. Comparison of the rates of destruction of 
aneurin and co-carboxylase at different pH values 


(k4, velocity coefficient for aneurin destruction; kg, for 
co-carboxylase destruction; Alogk, denotes difference 
between log k4 and log kg.) 


Sorensen phosphate buffer 
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McIlvaine citric acid-phosphate buffer 


A log k 
0-07 
0-04 
0-08 
0-17 
0-28 
0-44 
0-47 
0-52 
0-36 
0-30 


= 


log kg 
3-18 
3-33 
3-51 
3-75 
3-98 
3-19 
3-44 
3-66 


log ka 
3-11 
3-29 
3-43 
3-58 
3-70 
3-75 
3-97 
5-14 
) 3-40 3-76 
) 3-73 1-03 
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From pH 3-5 to 7-0 a steady increase in A logk 
is apparent and has been plotted against pH (Fig. 2). 


Fig. 2. A log k/pH curve for all buffer solutions. 
e McIlvaine. o Sorensen. x Phosphate-phthalate. 


It is seen from the figure that the relation between 
pH and A log k is virtually linear and appears at 
first sight to be independent of the buffer used, i.e. 
co-carboxylase is destroyed at a faster rate than 
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aneurin, and it is progressively more vulnerable to 
rising pH irrespective of the buffer salts present. 
If, however, the points common to each individual 
buffer are considered separately, it can be shown 
that once again discontinuities occur and curves 
very similar in form to the buffer curves are ob- 
tained. Thus, although the rate of increase of 
Alog k depends almost entirely on the pH it is 
conditioned to some extent by the buffer solution 
used. It is worth pointing out that the value of 
Alogk is of the same order at the same pH in 
different buffer solutions, but that this is not neces- 
sarily so for log ky or log kg, which differ very con- 
siderably from buffer to buffer at the same pH value. 
These considerations apply only between pH 3-5 
and 7-0. Above pH 7-0 A log k decreases but this 
is almost certainly due to the great speed with 
which both aneurin and co-carboxylase are de- 
stroyed in alkaline solution. The higher value at 
pH 3 is probably due to experimental errors, as at 
such low values of A log k these will be greatly 
magnified. 

Booth (1943), who studied the destruction of 
aneurin and co-carboxylase in boiling phosphate- 
phthalate buffer solutions at pH 5-4, 5-8 and 6-4, 
only recorded the percentage destruction in a given 
time. Booth’s curves have been analyzed as de- 
scribed earlier (Farrer, 1945) and log k4 and log kg 
calculated for each pH value (Table 3). 


Table 3. Values of velocity coefficients 
calculated from data of Booth (1943) 


(k4, velocity coefficient for aneurin; kg, velocity coeffi- 
cient for co-carboxylase; Alogk is difference between 
log k4 and log kg.) 
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Log k values for pH 5-4 and 6-4 agree very well 
with figures expected from the straight line in Fig. 2. 
However, 0-65 is very much higher than one would 
expect for pH. 5-8, and on referring back to Booth’s 
work it is seen that the curve obtained by plotting 
his data for destruction against time for this pH 
value shows serious abnormalities. This curve has, 
therefore, been repeated using buffer solution (e) at 
pH 5-83. The result was a smooth logarithmic curve 
which gave a good straight line when log (a —z) 
was plotted against time. The value for log k was 
3-94. This gives A log k=0-45, a figure which fits 
much more neatly on the A log k/pH curve. 

Just why co-carboxylase is more vulnerable to 
changes in pH than aneurin is not clear. The only 
difference between the two molecules is the esterifi- 
cation of an alcoholic hydroxyl-group of aneurin 
with pyrophosphoric acid, so that the presence of 
the pyrophosphoric group would appear to strain 
the molecule in some way. 


SUMMARY 


1. The rate of destruction of co-carboxylase in 
Sorensen phosphate and Mcllvaine buffer solutions 
at various pH vlaues has been studied. 

2. As in the case of aneurin, the rate of destruc- 
tion of co-carboxylase is conditioned by pH and by 
the ionic environment. 

3. Co-carboxylase is more vulnerable to rising 
pH than aneurin and, between pH 3-5 and 7-0, this 
increase in vulnerability can be expressed as a linear 
relation between pH and the difference between the 
logarithms of the velocity coefficients for the de- 
struction of co-carboxylase and aneurin at any 
given pH value. 


pH log k4 log kg A log k 
54 3.33 3.72 0-39 The author is indebted to the Directors of the Kraft 
5-8 3-49 3-14 0-65 Walker Cheese Co. Proprietary, Ltd., for permission to 
6-4 3-81 3-29 0-48 publish this paper. 
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This study was undertaken to determine the vita- 
min D content of three New Zealand fish oils known 
to be rich in vitamin A (Denz & Shorland, 1934; 
Edisbury, Lovern & Morton, 1937); and at the same 
time to test the validity of the composite ashing 
technique in the prophylactic bone ash method, as 
recommended for chickens in the tentative method 
for vitamin D assay of the Association of Official 
Agricultural Chemists (1940; Griem, 1939), using 
rats as experimental animals. 


EXPERIMENTAL 


Albino rats (40-47 g. in weight and 3-4 weeks of age) were 
fed on Steenbock’s rachitogenic diet no. 2965 for a period 
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defatted bones were dried and ashed to constant weight. 
The difference between the weight of the dry defatted bone 
and the corresponding ash was termed the ‘organic 
residue’ (R). 

The oils tested were: (1) whole-body eel oil, Anguilla 
australis (Richardson); (2) ling liver oil, Genypterus blacodes 
(Bloch & Schn.); (3) groper liver oil, Polyprion oxygeneios 
(Bloch & Schn.) (two samples). The whole-body eel oil was 
obtained from short-finned migrants caught at Lakes Elles- 
mere and Forsythe in March 1942. The oil was extracted by 
boiling and pressing the eels and collecting the oil first run 
off. The data (Table 1) concerning the ling and groper liver 
oils were personally communicated by Dr F. B. Shorland, 
who supplied these samples and who kindly gave me access 
to his paper (Shorland, 1945) relating to variations in the 
vitamin A potency of the groper liver oils. 


Table 1. The vitamin A content and other data concerning the groper and ling liver oils 


Vitamin A content (%) of oil from 





” 7 =. 
Ultra- 
violet 
Averagd Oil Carr-Price test absorp- 
No. weight a = 
Date when of of oil Method of of liver Blue Bree Bee. ae 
Oil fish caught livers (g./liver) extraction (%) value 620mp. 580mp. 328mz. 
Groper I May 1939 33 145 Solvent extraction 9-52 4-14 4-10 3-96 3-98 
Groper IT Sept.—Oct. 98 95 Solvent extraction 5-5 9-16 9-00 8-04 9-46 
1942 and 1943 
Ling May—June 1942 Bulk Bulk Steamed and pressed 20-25 0-37 0-38 0-41 0-44 


Note. Calculation of percentage of vitamin A is based on factors for Carr-Price test: blue value 80,000; Ey. 620 mp. 
5000; E{‘:,, 580 mp. 2600; ultra-violet absorption E}"s, 328mp. 1600. 


of 4 weeks. All comparisons were made on litter-mates. 
The litters were divided into seven groups (following Coward, 
1938) of six to eight rats. Twice a week the doses of oil were 
delivered into the rats’ mouths from graduated pipettes. 
Each animal was kept in a separate cage with a raised grid 
bottom, in a room protected from direct sunlight and main- 
tained at a temperature of 65°F. After the animals had 
been killed the hind legs were removed and the soft tissue 
loosened by boiling in distilled water for 2 min. (Day, 1940; 
Association of Official Agricultural Chemists, 1940). Both 
the femur and tibio-fibula were used and all bones were 
uniformly cleaned. 

The bones were extracted with boiling 95% ethanol for 
20 hr., followed by 20 hr. with ether in a Soxhlet apparatus 
(Association of Official Agricultural Chemists, 1940). The 
literature on the extraction of fat from rat bones indicated 
that each investigator used a different procedure. For the 
extracting solvent hot or cold ethanol, either alone, or 


followed by ether, has been used and for varying lengths of 


time (Coward, 1938; Chick, Korenchevsky & Roscoe, 1926; 
Day, 1940; Key & Morgan, 1932; Kon & Henry, 1935). The 


The initial dosage was based upon figures obtained by 
Cunningham (1935). In the final assay of each oil the dosage 
of the international standard was equivalent to 0-05, 0-1 
and 0-2i.u. daily. The lower dosage of 0-025 i.u. daily, as 
suggested by Coward (1938), proved, in the case of our rat 
colony, to be below the threshold dose required to yield any 
increase in percentage ash over that given by the negative 
controls. 


RESULTS 


Comparison of results obtained by composite 
ashing and individual bone analyses 


To test the accuracy of the composite ashing tech- 
nique when rats are used, both individua! and com- 
posite ashing was undertaken in Exps. I, II, III 
and VI. The bones of the right hind legs were 
analyzed separately. The bones of the left hind legs 
from the groups of rats fed at different levels of 
each oil were ashed in composite samples. The 
average difference between single bone means and 
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Table 2. Assay of the antirachitic activities of whole-body eel oil, groper liver oil (I) and ling liver oil, 
showing the A/R ratios* obtained by composite ashing and single bone analyses 
A/R ratio A/R ratio Difference Standard error 
No. of | composite single bone between of mean of 
Dose/day rats ashing mean A/R ratios single bones 
Experiment I 
0-025 i.u. 6 0-438 0-384 0-054 +0-065 
Standard {0-05 i.u. 6 0-440 0-416 0-024 +0-041 
0-1 iu. 6 0-591 0-569 0-022 +0-046 
tf x 10-3 g. 6 0-403 0-387 0-016 +0-033 
Eel body oil { 1-212 x 10 g. 6 0-447 0-438 0-009 +0-027 
2-424 x 10-3 g. 6 0-536 0-534 0-002 + 0-052 
Negative controls 6 0-429 0-409 0-020 + 0-039 
Experiment II 
{ 0-025 i.u. 6 0-377 0-396 0-019 +0-022 
Standard { 0-05 i.u. 6 0-472 0-479 0-007 +0-034 
0-1 iva. 6 0-545 0-575 0-030 +0-039 
(0-106 x 10-4 g. 6 0-482 0-473 0-009 +0-043 
Groper liver oil (I) / 0-211 x 10-4 g. 6 0-751 0-713 0-038 +0-058 
(0-421 x 10-4 g. 6 0-799 0-867 0-068 +0-072 
Negative controls 6 0-385 0-393 0-008 +0-016 
Experiment III 
i i.u. 6 0-409 0-420 0-011 +0-018 
Standard : 0-05 i.u. 6 0-482 0-506 0-024 +0-044 
0-1 ivu. 6 0-637 0-684 0-047 +0-070 
b> x 10-* g. 6 0-406 0-424 0-018 +0-019 
Ling liver oil + 1-06 x 10-4 g. 6 0-414 0-430 0-016 +0-018 
(2-11 x 10-4 g. 6 0-435 0-448 0-013 +0-027 
Negative controls 6 0-400 0-416 0-016 +0-025 
Experiment VI 
0-048 i.u. 8 0-442 0-454 0-012 +0-020 
Standard - 0-100 i.u. 8 0-583 0-581 0-002 +0-052 
0-206 i.u. 8 0-811 0-801 0-010 + 0-030 
[oe «10S 2. 8 0-558 0-547 0-011 +0-043 
Ling liver oil { 0-65 x 10- g. 8 0-725 0-730 0-005 +0-033 
(1-28 x 10-8 g. 8 0-872 0-885 0-013 £0-066 
Negative controls 6 0-412 — — — 


* Ratio of weight of ash and weight of corresponding fat-free dry organic residue from bone. 


composite ashing results is 0-024 (standard error 
(s.£.) + 0-007). The data given in Table 2 show that 
the difference between the mean A/R (ash/organic 
residue) ratio of the single bone determinations and 
the A/R ratio of group ashing in no case exceeds 
the standard error of the mean of the single bone 
analyses. Therefore there is no significant difference 
between the A/R ratios obtained by these two 
methods, and results obtained by the group ashing 
technique are as accurate as those obtained by 
single bone analyses. 

To illustrate the possible errors due to the ashing 
technique paired composite analyses were carried 
out in two experiments (Table 3) by ashing the 
bones of the right hind legs from each group of rats 
receiving a definite level of an oil as one composite 
sample, and the bones of the left hind legs as another 
composite sample. The average difference in A/R 
ratio amounted to 0-0046 (s.z. + 0-0021). This indi- 


cates that the small experimental érror in the ash 
determination does not account in full for the 
apparent difference between the single bone and 
group determination values. This is to be expected 
since composite ashing gives an average weighted 
A/R ratio influenced by the weight of each bone, 
while the mean of single bone analyses gives equal 
significance to all bones (Loy, DeWitt & Knudsen, 
1941). The effect of weighting can be: gauged by 
totalling the weight of ash and the weight of organic 
residue of all the single bone analyses in any one 
group and determining from these the weighted 
A/R ratio and comparing it with the mean of the 
single bone analyses. In these experiments the 
difference between the calculated group ash value 
and the mean of the single bone analyses was 0-009 
(s.E. +0-002). Therefore the apparent difference 
between composite ashing and individual bone de- 
termination is due partly to the small experimental 
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Table 3. Assay of the antirachitic activities of whole-body eel oil and groper liver oils (I) and (IT) 
showing the A/R ratios* obtained by composite ashing 


A/R ratio Difference 


No. of A/R ratio 


Dose/day rats 


right leg left leg A/R ratios 


Experiment IV 


. 0-05 i.u. 
Standard j 0-1 i.u. 
0-2 i.u. 
0-143 x 10-? g. 
Eel body oil {0-28 x 10-* g. 
0-572 x 10-2 g. 
Negative controls 7 


0-001 
0-008 
0-018 
0-001 
0-000 
0-000 
0-001 


0-432 
0-544 
0-780 
0-391 
0-493 
0-616 
0-376 


0-431 
0-552 
0-762 
0-392 
0-493 
0-616 
0-377 


Experiment V 


0-05 iu. 8 
Standard ;0-1i.u. 
0-2 i.u. 
0-91 x 10-5 g. 
Groper liver oil (I) {133 x 10-5 g. 
3-65 x 10-5 g. 
Negative controls 


0-005 
0-007 
0-011 
0-006 
0-000 
0-002 


0-741 
0-834 
0-993 
0-671 
0-819 
0-992 


0-736 
0-827 
1-004 
0-665 
0-819 
0-994 
0-658 


Experiment VIII 


(90% iu. 
Standard 40-1 iu. 
0-2 iu. 
(0166 x 10-5 g. 
Groper liver oil (II) {0-41 x 10-5 g. 
0-80 x 10-5 g. 


Negative controls 


0-551 
0-759 
0-920 
0-490 
0-632 
0-858 
0-544 


Note. Composite analyses of both right and left legs are shown for the whole-body eel oil and groper liver oil (I). 


* See footnote to Table 2. 


error and partly to the fact that the two methods 
represent a difference in weighting. 

Composite ashing is to be preferred for its greater 
speed and simplicity, and results obtained by this 
method have been accepted as of equal accuracy 
with the single bone determinations. 


Number of animals of this breeding stock required 
in group to yield significant results 


Motzok, Hill, Brannon & Slinger (1943) advise 
each investigator to determine the optimum group 
size for use under his particular conditions, since 
the variation among individual bone ash values 
may be expected to differ for each laboratory. 
Coward (1938) recommends six rats in a group for 
the prophylactic bone ash method. The results of 
Exps. I, II, III and VI were examined by the f¢-test 
of ‘Student’ (Fisher, 1938) to determine the number 
of animals of this stock required in a group to render 
significant the differences between the means of 
the groups receiving the equivalent of 0-05 and 
0-li.u./day. It was found that six rats were in- 
sufficient and seven rats were needed in a group to 
obtain a significant result. 


The vitamin D content of the oils 


The potency of the oils was determined from the 
results of Exps. IV, V, VI and VIII (Tables 2 and 3) 
by plotting the A/R ratio against the value of the 
standard in international units and finding the 
points on this line corresponding to the A/R ratios 
obtained with the unknown oil. By plotting the 
A/R ratio against the dose a straight line was ob- 
tained, rendering it unnecessary to plot the A/R 
ratio against the logarithm of the dose (cf. Oser, 
1939). The vitamin D content of the oils tested was 


as follows: ‘ 
i.u./g. 

25 

260 
5,300 
19,000 


Whole-body eel oil 
Ling liver oil 
Groper liver oil (I) 
Groper liver oil (II) 
The vitamin D content of whole-body eel oil indi- 
cates that eel flesh is one of the few rich food sources 
of this vitamin. Short-finned migrant eels yield 
17% of oil and therefore contain not less than 
425 i.u./100 g. Consequently one serving of eel flesh 
would amply provide the daily vitamin D require- 
ment of the majority of normal children and adults. 
From the potency of the two samples of groper liver 
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oil it is evident that the vitamin D content of this 
oil shows striking variation, which follows the same 
trend as the vitamin A content in the samples 
studied (to be discussed in the forthcoming paper 
by Shorland, 1945). 


SUMMARY 


1. Prophylactic bone ash analysis was used to 
determine the vitamin D content of three New 
Zealand fish oils. The vitamin D content in i.u./g. 
was found to be: whole-body eel oil, 25; ling liver 
oil, 260; groper liver oil (I), 5300; groper liver oil 
(II), 19,000. The potency of the two samples of 
groper liver oil shows a striking variation, and in 
the same direction as that of the vitamin A content 
of these oils. 
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2. Composite ashing of bones has been shown to 
yield results as accurate as individual ashing deter- 
minations, with rats as experimental animals, as 
has previously been shown for chickens. This modifi- 
cation of the method is recommended since it greatly 
reduces the time and labour required. 

3. The number of animals required in a group 
with this particular stock of animals was found to 
be seven, if the results were to be statistically 
significant. - 


I am greatly indebted to Dr Elizabeth Gregory for much 
helpful criticism and advice; to Dr F. B. Shorland of the 
Agricultural Department for supplying the ling and groper 
liver oils; to Mr D. F. Hobbs of the Marine Department, 
who supplied the whole-body eel oil; and to Dr Muriel Bell 
and members of the Nutrition Research Department for 
their assistance, which enabled me to complete this study. 
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The Gross Chemical Changes in the Liver in Dietetic Necrosis 


By H. P. HIMSWORTH anp L. E. GLYNN, The Medical Unit and the Morbid Anatomy Department, 
University College Hospital Medical School, London 


(Received 24 April 1945) 


Dietetic necrosis of the liver in rats was probably 
first observed by Weichselbaum (1935) when he 
noted that rats on a low casein diet developed 
‘haemorrhages’ into the liver. Later macroscopi- 
cally similar lesions were observed, inconstantly 
and irregularly, in animals on various deficient diets 
(Gyorgy & Goldblatt, 1939; Webster, 1942) and 
these were proved to be necroses. Recently it has 
been shown that such lesions can be produced with 
certainty, that a deficient intake of protein is the 
single dietary factor correlated with their occur- 
rence, and that diets containing proteins poor in 
sulphur amino-acids facilitate, while supplements 
of such amino-acids prevent, the development of 
the lesion (Himsworth & Glynn, 1944a, 6; Hims- 


worth, 1945). The histological features of the lesion 
are those of massive acute necrosis of the liver 
(Glynn & Himsworth, 1944); the gross chemical 
features are described below. 


METHODS 


The details of the diets, vitamin supplements and care of 
the rats have been given elsewhere (Himsworth & Glynn, 
1944a). Here it need only be noted that the sources of 
dietary protein were casein or yeast and that, although the 
proportions of fat and carbohydrate varied widely in 
different diets, the protein intake on each was less than 
500 mg./rat/day. 

White Wistar and black hooded rats were used. At the 
beginning of experiments, their weights were 90-120 g.; on 
killing they weighed 50-250 g. depending on the type of 
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experiment. When results are expressed as g./100 g. body 
weight the body weight referred to is that at the time of 
killing. 

Liver samples. The animals were killed by a blow on the 
head and the liver removed, weighed and apportioned as 
quickly as possible. Livers from animals dying spon- 
taneously were discarded but those from animals moribund 
from hepatic necrosis were analyzed. 

Dietetic necrosis may be generalized or partial. When 
partial it involves only the left lobes of the liver and, even 
when generalized, often affects the left lobes preponderantly 
(Glynn & Himsworth, 1944). At the beginning the right 
and left groups of lobes were analyzed separately but it was 
soon found that, despite the often conspicuous differences 
in appearance, their gross composition was surprisingly 
similar. Thereafter samples, of the same size, were taken 
for each estimation from both right and left lobes but 
analyzed together. 

Water. Slices of liver, not more than 2 mm. thick, were 
dried in tared tubes at 108° for 2 hr., detached from the 
tube wall, dried for a further 2 hr. at the same temperature, 
and weighed when cool. Slices of kidney and of the quadri- 
ceps femoris muscle were similarly treated. 

Fat. This was determined by a modification of the 
method described by Leathes & Raper (1925) which assays 
fatty acids and unsaponifiable lipid. The results are ex- 
pressed as such and not as glyceride, etc. 

Nitrogen. The micro-Kjeldahl method was used, after 
wet incineration, with selenium dioxide as a catalyst. Non- 
protein nitrogen was estimated in the filtrate obtained by 
grinding up the liver with sand in a 10% (w/v) solution of 
trichloroacetic acid (50 ml./g. of fresh tissue). Total nitrogen 
was estimated on the dried tissue resulting from the deter- 
mination of the water content. Protein nitrogen was ob- 
tained by difference, and the protein content calculated by 
multiplying this figure by 6-25. 

Glycogen. The method described by Murphy & Young 
(1932) and Evans, Tsai & Young (1931) was used. 

Criteria for significance. The result of the estimations of 
each of the above substances is expressed as a mean, together 
with its standard deviation. Differences between means 
were assessed as significant when they exceeded three times 
the standard error of the difference, which was taken to be 
the square root of the sum of the squares of the standard 
errors of the two means concerned. 


RESULTS 
Wet weight of the liver 


The relationship between liver weight and body 
weight is shown in Fig. 1. This shows that in acute 
necrosis the liver is disproportionately heavy, but 
that in animals with healed necrosis the propor- 
tionality between liver weight and body weight 
again returns to normal. It also shows that the 
range of variation in the weight of the liver at a 
particular body weight is greater in animals with 
acute necrosis than in: healthy animals or in those 
with healed lesions. These findings indicate that 
during the acute stage of necrosis some substance 
(or substances) accumulates in the liver, and that 
this accumulation is not subject to those influences 
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which normally maintain the proportionality be- 
tween liver weight and body weight within relatively 
narrow limits. 


260; 


24 Normal ¢ 


Healed Necrosis o 
Acute Necrosis x 


Body wt. (g.) 


Liver wt. (g.) 


Fig. 1. Relation of the weight of normal and abnormal 
livers to body weight. 


Water content 


The percentages of water and fat in the liver are 
roughly in reciprocal relation and their sum accounts 
for approximately three-quarters of the wet weight 
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Fig. 2. Correlation between necrosis and increase of liver 


water, and absence of correlation between necrosis and 


liver fat. s.p.=standard deviation. 
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of the liver. It is, therefore, only possible to compare 
the percentage of water in different livers when the 
percentage of fat in these falls within narrow limits. 
The mean percentage of water in 24 normal speci- 
mens, which contained less than 6% of liver fat, 
was 70-6 % + 1-6 (where 1-6 is the standard devia- 
tion); in 21 necrotic specimens with a similar fat 
content, 77-6%+2-8. The percentage of muscle 
water in the two groups of animals averaged 75-1 % 
+1-6 and 74:3% + 1-6 respectively; and of kidney 
water 76-59% +1-5 and 77-83%+1-8 respectively. 
The difference between the percentages of liver 
water in the two groups is significant; that between 
the percentages of muscle water and of kidney 
water, insignificant. This point is more clearly 
brought out when the water content of the liver is 
expressed as g./100 g. body weight; and this mode 
of expression has the added advantage that the 
result is independent of the fat content of the liver 
(Fig. 2). In 54 normal rats the average amount of 
liver water per 100 g. of body weight was 3-322 g. 
+0-476; in 27 rats with acute hepatic necrosis it 
was 5-288 g.+ 1-070. These differences are highly 
significant. It thus appears that in acute hepatic 
necrosis there is an intrinsic oedema of the liver. 


Fat content 


The percentage of fat in the liver varies with the 
composition of the diet. In normal animals no 
correlation exists between the amount of liver fat 
and the amounts of other liver constituents which 
were estimated. This is shown in Fig. 2 where liver 
fat expressed as g./100 g. body weight is charted 
against liver water expressed in the same units. It 
will be seen that in normal animals the liver fat is, 
as it were, superimposed on liver tissue which in 
other respects is of relatively constant composition. 
This observation explains the apparent reciprocity 
between the proportions of fat and water in the 
liver. In the case of livers showing acute necrosis 
there is a similar lack of correlation between the 
amount of liver fat and the amount of other con- 
stituents. Similarly no relationship could be estab- 
lished between the proportion of fat in the liver and 
the incidence of necrosis. Hepatic necrosis occurred 
at all levels of liver fat (Fig. 2) and afflicted animals 
showed the same proportions and amounts of liver 
fat as normal animals which had been taking the 
same diet for a similar length of time. Thus in a 
group of animals on one diet the liver fat content 
of the 11 with normal livers was 0-219 g./100 g. body 
weight + 0-104, of the 9 with necrotic livers 0-232 g./ 
100 g. body weight + 0-088. These observations may 
appear surprising, first because of the well-known 
correlation between a high content of liver fat and 
susceptibility to certain poisons ; and second because 
of the yellow colour of many necrotic livers. Many 
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have a degree of yellowness which in the normal 
liver betokens a high proportion of fat; but on 
analysis no excess of fat is found. The conclusion 
from these observations appears unequivocal. The 
development of dietetic necrosis of the liver is un- 
related either to the amount or proportion of fat 
in the liver. 
Non-protein nitrogen 


Early analyses of livers from fatal cases of chloro- 
form and phosphorus poisoning (Wells, 1907, 1908; 
Stadie & Van Slyke, 1920) demonstrated the pre- 
sence of considerable quantities of the products of 
protein breakdown. If a similar result were found 
in livers showing dietetic necrosis it might suggest 
an explanation for their oedema. The liver non- 
protein nitrogen expressed as a percentage of the 
total liver nitrogen was, in 21 normal rats, 7-5% 
+1-6; in 20 rats with acute necrosis 8-9% + 3-8. 
This difference is hardly significant and would cer- 
tainly appear insufficient to account for any great 
increment of liver water. It will be noted that the 
variation in the values from necrotic livers is greater 
than in the normals. Actually the values in the 
necrotic livers ranged from 4-2 to 18-5 %. The lower 
values were obtained from animals killed within a 
short time of appearing ill; the higher from those 
who lingered for several days. It is also noteworthy 
that results on necrotic livers from animals who 
had been dead for some hours were also high. The 
indication is, that the high proportion or amount 
of non-protein nitrogen in a necrotic liver is the 
result of post-mortem autolysis ; it being understood 
that such autolysis can proceed in dead liver cells 
before the animal itself dies. It thus seems probable 
that a significant increase of non-protein nitrogen 
is not an essential feature of dietetic necrosis of 


the liver. 
Protein 


It seemed a reasonable possibility that, massive 
acute necrosis of the liver being associated with a 
low intake of protein in the diet, the protein content 
of necrotic livers would be less than normal; and it 
was found that the percentage of protein in the liver 
was decreased. Thus in 21 normal animals the per- 
centage was 17-3 % + 2-4, in 20 animals with necrosis 
13-6 % + 1-9. When the same results were expressed 
as g. liver protein/100 g. of body weight, however, 
it was found that the amount in the 21 normal 
animals was 0-761 g./100 g. body weight* + 0-082, 
while in the 20 rats with hepatic necrosis it was 


* This figure is considerably higher than that reported 
by Kosterlitz (1944) for rats on the same diets. In his 
short report the body weight of the rats is not stated but, 
if the weights were similar to those in previous experiments 
(Kosterlitz & Cramb, 1943), then his rats were twice or 
thrice as heavy as ours; and this may account for the 
higher figure we found in our animals. 
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0-946 g./100 g. body weight+0-121. These differ- 
ences are both highly significant. It seems, there- 
fore, that in acute dietetic necrosis of the liver the 
amount of protein in the liver is increased but that, 
owing to dilution of the constituents as the result 
of oedema, the percentage content is decreased. 


Glycogen 
When the percentages of fat, water and protein 
in the liver are added together and the resulting 
sum compared for normal animals and those with 
hepatic necrosis it is found that the sum in the former 
is consistently lower than that in the latter. Thus 


Average wt. of necrotic livers 6-276 g./100 g. body wt.; of normal livers 4-593 g./100 g. body wt. 


Average wt. of liver minus (fat + protein + water) in normal =0-432 g./100 g. body wt. 
Average wt. of liver minus (fat + protein + water) in necrotic = 0-260 g./100 g. body wt. 


Difference =0-172 g./100 g. body wt. 
As necrotic livers contain no glycogen this difference can be accounted for by the glycogen content of normal liver. 
Average wt. of necrotic livers minus glycogen = 6-276 — 0-000 =6-276 g./100 g. body wt. 
Average wt. of normal livers minus glycogen =4-593 — 0-172 =4-421 g./100 g. body wt. 
Difference in wt. to be accounted for = 1-855 g./100 g. body wt. 


Average difference between fat contents of normal and necrotic livers 
Average difference between water contents of normal and necrotic livers =1-682 g./100 g. body wt. 
Average difference between protein contents of normal and necrotic livers =0-156 g./100 g. body wt. 


Total of differences = 1-838 g./100 g. body wt. 


Thus the increase in wt. of necrotic over normal livers can be accounted for by the increased protein and water contents 


of necrotic livers. 


in 21 normal livers the sum was 92-4%+ 2-5; in 
18 necrotic livers it was 95-6 % + 1-2. This significant 
difference suggests that something, which normally 
accounts for about 3% of the liver solids, has dis- 
appeared from the livers showing necrosis. The 
percentage of glycogen in the liver is of this order 
and it has long been known that in necrosis caused 
by poisons such as phosphorus, glycogen disappears 
from the liver (Saikowski, 1865). On analysis it was 
found that livers with dietetic necrosis contained no 
trace of glycogen while those from healthy animals 
on the same diets contained between 1-5 and 4% 
of glycogen. 

Unfortunately analyses for liver glycogen were 
not carried out on all animals so it is not possible to 
prove conclusively that the difference between the 
sums of the amounts of protein, fat and water in 
normal and necrotic livers is accounted for by 
glycogen. But the evidence available suggests that 
it is. Necrotic livers contain no glycogen and in 
nine animals the difference between the liver weight 
and the sum of the protein, fat and water, all ex- 
pressed as g./100 g. of body weight, averages 0-260 
+ 0-053. In the few normal in which glycogen was 
estimated the difference between the total liver 
weight and the sum of the glycogen, protein, fat 
and water falls within this range. 


H. P. HIMSWORTH AND L. E. GLYNN 


Table 1. Data from 20 animals on same diet ; 11 normal and 9 necrotic livers 
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DISCUSSION 


The differences between necrotic and normal livers 
revealed by the preceding results are that necrotic 
livers contain more water, more protein and no 
glycogen. No significant differences were demon- 
strated between the amounts of fat and of un- 
analyzed residue and between the proportions of 
non-protein nitrogen, in the two types of liver. To 
test whether the difference between the wet weights 
of necrotic and normal livers can be accounted for 
by the observed changes in composition a balance 
sheet has been drawn up. In Table 1 it can be seen 





























=(not significant) 





















that the increased weight of necrotic livers is satis- 
factorily explained by the increase in their water 
and protein contents; that is by the uptake of a 
protein solution of a concentration more dilute than 
that of normal liver tissue. From the data in the 
table it appears that, for this particular group of 
necrotic livers, such a protein solution would have 
a concentration of 9-3g./100ml. This is con- 
siderably stronger than that of rats’ plasma; but 
there is collateral evidence that plasma contributes 
to it. In rats ill from dietetic necrosis the haemo- 
globin concentration of the circulating blood is in- 
creased by about 20% above the level for animals 
on the same diet. As death approaches, the animals 
pass into a state of ‘shock’ which clinically re- 
sembles that of patients with a low plasma volume. 
The source of the extra protein, above that which 
can be accounted for by absorbed plasma, is un- 
certain. The histological appearances do not suggest 
that it is derived from infiltrating inflammatory 
cells or by packing of red blood corpuscles into 
dilated liver sinusoids. A similar accumulation of 
protein and water was reported by Hoppe-Seyler 
(1921), Never (1932), and Uher (1939) in tissues 
showing the milder degeneration of ‘cloudy swel- 
ling’; and we have noted in partial hepatic necrosis 
that the lobes which are grossly normal, and show 
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only slight histological changes, have a similar com- 
position to the adjoining necrotic tissue. In neither 
of these instances does cellular infiltration occur. 
It seems, therefore, that the chemical changes ob- 
served indicate an actual alteration in the composi- 
tion of the liver protoplasm. It also appears that 
these changes are qualitatively not characteristic 
of established necrosis but occur, at least to some 
extent, at the inception of cellular damage. 

A remarkable feature of these alterations is that 
they appear suddenly. Where hepatic necrosis ap- 
pears in a few animals of a group, then, if the whole 
group is killed, it is found that the livers are either 
necrotic and of abnormal composition, or normal 
both in appearance and composition. There is no 
transition between the two, nor any evidence of a 
gradual alteration in composition leading steadily 
to necrosis. It thus seems that at a particular time 
after exposure to appropriate dietetic conditions 
some sudden derangement of metabolism occurs in 
the liver ; and this leads to necrosis and the observed 
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alterations in liver chemistry. The question whether 
these alterations are the result or the cause of cellular 
damage is of minor importance for in either case 
they must be secondary to that sudden derangement 
of metabolism in the liver cells. 


SUMMARY 


1. Livers affected by acute dietetic necrosis show, 
as compared with livers from normal rats, increased 
amounts of water and protein and an absence of 
glycogen. There is no increase in non-protein nitro- 
gen, and no relationship between the fat content of 
the liver and the development of necrosis. 

2. Livers with healed necrotic lesions do not 
show these abnormalities. 

3. The increased weight of necrotic livers is satis- 
factorily accounted for by their increased content 
of water and protein, and some, at least, of the extra 
protein and water seems to be derived from plasma. 

4. The alterations in composition appear sud- 
denly with the onset of cellular damage. 
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Observations on the Nature of Vitamin P and the 
Vitamin P Potency of Certain Foodstuffs 


By H. SCARBOROUGH, The Clinical Laboratories, The Royal Infirmary, Edinburgh 


(Received 26 April 1945) 


The material first described by Szent-Gyérgyi and 
his co-workers (Armentano, Bentsaéth, Beres, Rusz- 
nyak & Szent-Gyérgyi, 1936) as increasing capillary 
resistance in man was called by them citrin or 
vitamin P. Subsequent statements (e.g. Szent- 
Gy6érgyi, 1937) that citrin is a mixture of the flava- 
none glycosides hesperidin and the more soluble and 
more active eriodictyol glycoside (called eriodictin) 
have not, so far as we know, been supported by any 
published evidence. The chemical nature of many 
active extracts is unknown, but vitamin P activity 
has been attributed variously to flavones, flavanones 
and flavanols. 


Mager (1942) attempted a chromatographic ana- 
lysis of citrin and isolated a faintly yellow crystalline 
product (m.p. 184-186°) which was identified as 
eriodictyol rhamnoside. Crystalline eriodictyol was 
obtained by hydrolysis (m.p. 258—60°). There is no 
report of any biological test having been carried out 
on this material, which was readily soluble in water, 
gave an intense cyanidin reaction and a transient 
green colour with ethanolic FeCl,;. Previous chro- 
matographic studies by Robeznieks (1938) had 
indicated the presence in citrin of an unidentified 
flavonol glycoside similar to quercetin, in addition to 
hesperidin and eriodictin. According to Bentsath, 
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Rusznyak & Szent-Gyérgyi (1937), quercetin has no 
vitamin P activity in guinea-pigs, although it is 
said to lower the blood pressure when administered 
intravenously to cats (Armentano, 1938). 

From citrin prepared from lemon peel Higby 
(1943) obtained hesperidin (m.p. 261—2°), ‘limonin’ 
(m.p: 291—2°) and eriodictyol glycoside from which 
crystalline eriodictyol was isolated (m.p. 267°). 
These materials neither reduced arterial blood pres- 
sure nor increased capillary resistance. In the 
course of this work a ‘water-soluble yellow pigment’ 
which reduced blood pressure and increased capil- 
lary resistance in mice was identified as a glycoside 
of hesperidin chalcone (2’:3’:6-trihydroxy-4’:meth- 
oxy-chalcone-4-glucoside), m.p. 110--112° with de- 
composition. It was much more soluble in neutral 
solution than hesperidin, which is virtually insoluble 
at pH 7. It gave a bright yellow colour in the 
Wilson boric acid test (Wilson, 1939) but no eyanidin 
reaction. Higby considers that hesperidin in soluble 
form can function as vitamin P but pure hesperidin 
is said to be without effect on capillary fragility, 
probably as the result of its relative insolubility 
(Majovski, Lesser, Lawson, Carne & Thienes, 1944). 
Apart from the chalcone and the natural form in 
citrous fruits, soluble derivatives of hesperidin are 
said to include ‘the sodium, calcium and other 
alkali and alkaline earth salts, which exist only at 
pH values of 11-0 or higher’ (Higby, 1943). 

Wawra & Webb (1942) described the isolation 
from citrin, obtained from lemon peel by the method 
of Szent-Gyérgyi (1938), of bright yellow micro- 
erystals (m.p. 251—252°) which they considered to 
be hesperidin chaleone. This material decreased 
capillary fragility (increased resistance), but was 
insoluble in water. It reverted to hesperidin (m.p. 
261—262°) when suspended in absolute methanol, 
especially in the presence of traces of anhydrous 
HCl. These observations differ from those of Wilson 
(1939) and of Higby (1943), both of whom found 
hesperidin chalcone to be an orange-yellow powder 
soluble in water and sintering at 110—112° (Higby, 
1943). Wawra & Webb’s suggestion that Szent- 
Gyorgyi’s eriodictin is really hesperidin chalcone is 
hardly consistent with Mager’s work already re- 
ferred to. 

It has been observed by Russell & Clark (1939) 
that 6-hydroxy-chaleones readily isomerize. The 
change in the case of hesperidin may be represented 
thus: 


R.O s OH 
/OH 


——C—CH—CHh—~ 


~S—OCH, 


O 
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An acid reaction and the application of heat 
displace the equilibrium to the right. It is to be 
expected, therefore, that crystalline hesperidin will 
vary in both colour and melting-point according to 
the condition of its preparation and more particu- 
larly in relation to the method of precipitation. 
Hesperidin chalcone (Higby, 1943) reverted easily 
to hesperidin in solution and even when kept in the 
dry state, but the closure could be prevented by 
methylating the 6-OH group as suggested by 
Wilson. It lowered the blood pressure and reduced 
capillary fragility in animals. A method for the 
preparation of hesperidin chalcone is given by 
Higby (1943) which utilizes the fact that the chal- 
cone can be extracted into n-butanol. 

More recently rutin (a rutinoside of the flavonol 
quercetin) has been reported to increase capillary 
resistance in man (Griffith, Couch & Lindauer, 1944) 
and catechin (3:5:7:3':4’-pentahydroxyflavan) has 
been described as the most active compound known 
(Lavollay & Parrott, 1942). Confirmation of the 
activity of these compounds would dispose of Szent- 
Gyoérgyi’s view (Bentsath et al. 1937) that the con- 
figurations of the 1 and 2 C-atoms are of special 
importance. * 

In this paper are reported experiments with pure 
hesperidin and the aglycone hesperetin together 
with observations on the vitamin P potency of 
certain foods and fruit extracts. The results have 
already formed the substance of communications 
to the Biochemical Society (Scarborough, 1941a, 
1943). 

EXPERIMENTAL 


Clinical material 
All the subjects had decreased capillary resistance which 
was elevated by administration of the test material. All 
were in hospital throughout the investigation, taking diets 
from which known sources of vitamin P had been elimi- 
nated. The capillary resistance was determined by a negative 
pressure method (Scarborough, 19416). 


Test material 


For the preparation of the first two substances mentioned 
below the author is greatly indebted to members of the 
scientific staff of Glaxo Laboratories Ltd., to whom is partly 
due the following account of their separation: 

(1) Hesperidin is the 7-rhamnoglucoside of 5:7:3’-tri- 
hydroxy-4’-methoxy-flavanone. A sample of pure hesperi- 


* We have now confirmed by clinical assay that rutin is 
active; its potency is about 5000 provisional units/100 g. 


OCH, 


R=sugar residue. 
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din was obtained from the fraction H (Scarborough, 1939) 
«3 prepared from desiccated Californian Valencia oranges 
(orange meal) by repeated pyridine extraction. Separation 
was achieved by further extraction with pyridine with the 
production of a faintly yellow, hygroscopic, crystalline sub- 
stance which melted at 255-256° with decomposition, the 
melting-point being, however, lowered if the determination 
was made very slowly. The melting-point of hesperidin is 
given by King & Robertson (1931) as 251-252° with de- 
composition at 254°. 

There is apparently considerable variation in the melting- 
point of specimens of supposedly pure hesperidin (Table 1), 
which may be due to admixture of the flavanone and 
chalcone in the specimens examined. 


Table 1. Melting-points of hesperidin 


preparations 
ee 
*Tunman (1915) 252 
Hall (1925) 245-248-5 
*Asahina & Inubuse (1929) 251 
King & Robertson (1931) 251-252 


*Tseng & Yu (1936) 261-262 


Bruckner & Szent-Gyérgyi (1936) 261 
Zilva (1937) 260 
Moll (1937) 254 
*Morii (1938) 252 


261-262 
261-262 
255-256 


Wawra & Webb (1942) 
Higby (1943) 
Scarborough (1944) 


* Quoted from Mar (1939). 


The material was almost insoluble in water but was 
freely soluble in 10% Na,CO, with the formation of a 
bright yellow solution from which a yellow powder sepa- 
rated as the pH was adjusted to 6-0 with dilute mineral 
acid. The cyanidin reaction for flavanones performed by 
adding the solid substance to a reacting mixture of Mg 
ribbon (or Zn dust) and cone. HC! produced a vivid magenta 
colour presumably due to reduction of the flavanone to 
the corresponding anthocyanidin (Armstrong & Armstrong, 
1931). The boric acid reaction for flavones described by 
Wilson (1939) was not obtained. Since, according to Higby 
(1943), hesperidin chalcone gives a brilliant yellow colour in 
the Wilson boric acid reaction but a negative cyanidin test, 
it is concluded that the material as administered consisted 
almost entirely of the flavanone. The possibility of its con- 
taining a trace of the chalcone cannot, however, be ex- 
cluded. A solution of the material in aqueous methanol 
gave a bluish'‘violet colour with ethanolic FeCl,. Following 
acetylation with acetic anhydride and sodium acetate at 
100° for 4 hr., an acetyl derivative m.p. 175-176° was 
obtained. King & Robertson (1931) describe the octa- or 
nona-acetyl derivative of hesperidin (analysis does not 
permit differentiation) prepared by this method as giving 
m.p. 175-176°. 

The material was finally subjected to hydrolysis but was 
found to be unaffected by the method described by Blount 
(1933) for the hydrolysis of rutin, viz. boiling for 2 hr. with 
2% (v/v) H,SO,. According to Tiemann & Will (1881) 
hesperidin is hydrolyzed to the aglycone hesperetin and a 
sugar moiety (rhamnose + glucose) by 2% (v/v) H,SO, in 
a 1:1 mixture of ethanol and water in a sealed tube in 3 hr. 
An attempt was made to carry out the hydrolysis with 
aqueous ethanolic H,SO, of this concentration by reflux 
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under atmospheric pressure. Even after 40 hr., however, 
about 90% of the hesperidin was unchanged. However, 
isolation of the more soluble material followed by crystalli- 
zation from aqueous acetone and aqueous methanol finally 
yielded hesperetin as colourless plates—m.p. 223-234° 
(225-226°, Heilbron & Bunbury (1936))—readily soluble 
in acetone and methanol and giving a reddish violet colour 
reaction with ethanolic FeCl,. 

(2) Hesperetin (5:7:3’-trihydroxy-4’-methoxy-flavanone) 
was obtained by hydrolysis of a specimen of the hesperidin 
prepared as described above, by refluxing for 5 hr. with 
2% (v/v) H,SO, in a 3-5:2 (by volume) acetic acid-water 
mixture. Hydrolysis occurred readily and completely. 
After one crystallization from aqueous acetone the material 
melted sharply at 223-224°. 

Both hesperidin and hesperetin are relatively insoluble 
in water, hesperetin almost completely, but both are soluble 
in dilute mineral acid and alkali, especially in the latter. 
Both substances were administered in aqueous suspension © 
in doses of 0-5-1-0 g. daily to subjects in whom fractional 
gastric analysis had previously revealed normal gastric 
secretion of hydrochloric acid. 

(3) ‘Citrin’. This is an aqueous solution (50 mg. in 1 ml.) 
of the solid material obtained from whole lemons by the 
method of Szent-Gyérgyi (1938). It was supplied by Roche 
Products Ltd. and is similar to the material referred to in 
previous communications as fraction E.G. It contains at 
least two substances, neither of which has been identified. 
One is relatively insoluble in water and is light yellow in 
colour; it can be separated relatively easily from the golden 
yellow solution which contains at least one other much 
more highly coloured substance. The latter separates from 
solution with great difficulty. The solution is still highly 
active after separation of the light yellow substance but 
warming the aqueous solution in air destroys its potency. 
It was administered by mouth or by intramuscular or intra- 
venous injection in amounts of 100-200 mg. 

(4) W.S.P.1. This was a slightly hygroscopic brownish- 
yellow powder. Its method of preparation from orange 
meal, i.e. the peel and pulp of oranges freed from juice and 
dried in warm air, followed Szent-Gyérgyi’s procedure 
(Szent-Gyérgyi, 1938) for the preparation of citrin though 
with some modifications. The water-soluble material was 
treated with Ca(OH), and methanol, the precipitated com- 
plex which contained about 19% of Ca being designated 
W.S.P.1. It was used in the form of an aqueous solution 
containing 50 mg. in 1 ml. This solution was darker in 
colour than the citrin described above, contained none of 
the relatively insoluble material present in citrin, and be- 
came gradually darker in colour on storage in the refri- 
gerator though apparently without loss of activity. W.S.P.1 
was supplied by Glaxo Laboratories Ltd., through the 
courtesy of Mr A. L. Bacharach, and was administered 
parenterally, usually in doses of 100 mg. daily. 


Biological activity 


With the adaptation of the negative pressure 
method of assessing capillary resistance to the de- 
termination of the ‘critical petechial pressure’ in 
guinea-pigs (Bacharach, Coates & Middleton, 1942), 
a biological method for the assay of vitamin P 
preparations has become available. W.S.P.1 has 
been used as a provisional standard in the biological 
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assay of vitamin P potency, 1 mg. of W.S.P.1 being 
taken as having | unit of vitamin P activity when 
used in such assays (Bacharach & Coates, 1942). 
Biological tests on guinea-pigs have shown that the 
activity of W.S.P.1 is ten times that of hesperidin 
recrystallized from methanol. The activity of 
W.S.P.1 cannot be accounted for by the presence 
of hesperidin itself on the basis of the respective 
figures for optical rotation and ultra-violet absorp- 
tion (Bacharach, personal communication). 
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RESULTS 


To save space, description has been limited to 
typical cases. Fig. 1 shows the effect of pure hes- 
peridin in increasing capillary resistance. This ex- 
periment (with chemically pure hesperidin) has been 
performed on nine occasions in six different subjects. 
In Fig. 2 is demonstrated the effect of the aglycone 
hesperetin following an initial period of hesperidin 
administration. The activity of hesperetin has been 


Og. 
i & 


Hesperidjn oral 


12 4M 6 wb AB a Sa 
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26 


28 = 30 


Fig. 1. The effect of the oral administration of pure hesperidin in increasing capillary resistance. Ascorbic acid 100 mg. 


per diem by mouth. 


In all figures, each representing one subject, the capillary resistance values have been plotted separately for each of three 


areas of skin. 


In clinical .experiments the effect of 100 mg. 
W.S.P.1 given parenterally has been found to be 
approximately equivalent to 1 g. hesperidin given 
by mouth or to 150 mg. citrin by injection (Figs. 
1, 3). Disregarding the difference in the methods of 
administration, therefore, and assuming that all the 
hesperidin is absorbed, it is found that 100 units of 
vitamin P activity = 100 mg. W.S.P.1= 1 g. hesperi- 
din = 150 mg. Szent-Gyérgyi’s citrin. These figures 
may tentatively be taken to suggest that man 
and the guinea-pig react towards preparations 
of vitamin P in a quantitatively similar manner. 
If this suggestion finds further support, then 
the very inconvenient and inaccurate assays on 
human subjects may be replaced by guinea-pig 
assays. 


obtained in three different subjects on six occasions 
in all. In Fig. 3 is shown the activity of W.S.P.1 
and of citrin, both given parenterally. 

Assay of vitamin P potency. If the definition of 
a provisional unit (P.u.) of vitamin P potency given 
by Bacharach & Coates (1942) be accepted, it be- 
comes possible to assay foodstuffs, fruit extracts 
and concentrates by comparing the effect of these 
in increasing capillary resistance in man under 
carefully controlled conditions with the effect of 
either W.S.P.1 or hesperidin. The former will be a 
more acceptable standard on account of the insolu- 
bility of hesperidin and the possibility that an un- 
known proportion of the total dose administered 
may escape absorption. It should still be possible 
to carry out such assays, which are, however, very 
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Fig. 3. The effect of the parenteral administration of two different water-soluble products 
in increasing capillary resistance. i.m. intramuscular. 
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laborious and cannot at best be more than approxi- 
mate, even if the response of all subjects to the same 
dose of standard is not identical, as in fact it is not. 
It must, however, be established that the response 
in the ‘test subject’ to a given dose of the standard 
remains reasonably constant throughout the period 
of the assay, which indeed it does. This procedure 
is based upon the assumption that the level of 
capillary resistance is not markedly influenced by 
previous administration of vitamin P. This assump- 
tion is justified in practice over periods of 4-6 weeks 
if the patient be on a standard diet containing few 
known sources of the vitamin. It can be shown 
that, after the administration of test material con- 
taining vitamin P, the capillary resistance quickly 
returns to the level obtaining before the experiment 
began. 

The results of clinical assays of certain foodstuffs 
are given (Table 2) and agree well with values found 
by Bacharach & Coates (1943) for guinea-pig assays. 





Table 2. Vitamin P potency of foods 
Potency is given in provisional units (P.U.)/100 g. of food.) 


Group 1. ‘Good’ sources. Over 100 p.v./100 g. 


Grape: black, whole fruit 500-1000 
white, whole fruit 500-1000 
Lemon: whole fruit 500 
juice 500-750 
Orange: whole fruit 300-500 
juice 300-600 
peel 200-300 
Plum, blue: whole fruit 100-200 
Prune: whole fruit 300-400 
Blackcurrant: purée 200-300 


Group 2. ‘Moderate’ sources. About 100 p.v./100 g. 


Grape-fruit: whole fruit 100 
Apricot: dried whole fruit 75-100 
Plum: Victoria, whole fruit 50-100 
Cherry: whole fruit 100 
Blackberry: whole fruit 80-100 
Bilberry: whole fruit 100 


Group 3. ‘Poor’ sources. Under 100 p.v./100 g. 


Tomato 50 
Lettuce 
Cabbage 
Cauliflower j 
Turnip | 


Under 50 


Carrot 


Parsnip | Negligible 


Beetroot 
Potato 


It will be noted that materials usually found to be 
rich in ascorbic acid are not necessarily those with 
the highest vitamin P potency and that there is 
little correlation between the latter and colour. 
Grapes are the most potent natural source of vita- 
min P that we have examined (500-1000 Pp.v./ 
100 g.); the ascorbic acid content of grapes varies 
1-0—7-2 mg./100 g. (Bicknell & Prescott, 
with ascorbic acid between 


between 
1942). The tomato, 
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12-9-39 mg./100 g. (Bicknell & Prescott, 1942), con- 
tains only about 50 P.v. of vitamin P/100 g. 

The potency of these natural sources of the 
vitamin is greatly exceeded by certain extracts and 
concentrates (Table 3). 






Table 3. Vitamin P potency of concentrates, 
extracts, etc. 







(Potency is given in p.v./100 g. of concentrate, etc.) 









*W.S.P.4 (from blackcurrant) 300,000 
+‘ Citrin’ (from whole lemon) 65,000 
{‘ Hipexa’ (from rose-hips) 20,000-30,000 
W.S.P.1 (from orange meal) 100,000 
Hesperidin; recryst. m.p. 265-266° 10,000 
Hesperetin; recryst. m.p. 223-224° 2,500-— 5,000 
§ Rose-hip syrup 500 





* Prepared by Dr A. Pollard of Long Ashton Research 
Station and provided for examination by Mr A. L. 
Bacharach. 

+ Prepared by the method of Szent-Gyérgyi (1938) and 
supplied by Roche Products Ltd. 

{ Prepared and supplied by Dr F. Wokes, Ovaltine 
Research Laboratories. 

§ Representative value for commercial preparations 
bought in the open market. 









Daily requirement for vitamin P. In two subjects 
with scurvy, previously discussed (Scarborough, 
1944), in whom the capillary resistance was low as 
the result of their deficient diets, the daily intake of 
vitamin P required to maintain a high level of 
capillary resistance was of the order of 300 p.v./day 
administered by mouth as two different prepara- 
tions—hesperidin and an extract made from rose- 
hips. From Table 2 it is clear that this amount of 
vitamin P should be contained in 50-100 ml. of 
orange juice, which might therefore be taken to be 
the minimum daily dose protective against a fall in 
capillary resistance in man. In this connexion it is 
of interest to recall the observations of Géthlin 
(1931), who concluded that 50—70 ml. of fresh orange 
juice (0-7-1 ml./kg./day) was the minimum daily 
dose protective against scurvy in man. This con- 
clusion was based upon the results of studies de- 
signed to find out what was the minimum daily dose 
of orange juice which would maintain a normal 
capillary resistance estimated by a positive pressure 
method in two physically healthy adults fed by 
stomach tube a diet containing eggs, sugar, and 
autoclaved milk. In 1931 it was believed that the 
factor in orange juice which increased capillary re- 
sistance, and the lack of which was reflected in 
abnormally fragile capillaries, was ascorbic acid, and 
G6thlin’s experiments were the first to be directed 
towards determining the minimum daily require- 
ment (50—70 ml. of orange juice which should con- 
tain 30-40 mg. of ascorbic acid). It seems to us 
significant that the results of these two sets of 
experiments carried out for such different reasons 
should coincide so remarkably. 
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The stability of vitamin P. The ability of prepara- 
tions containing vitamin P to increase capillary 
resistance in man is destroyed by boiling the solution 
in air. This loss of activity is associated with a 
darkening in colour of the solution. Shaking an 
active solution with animal charcoal removes its 
colour and destroys its potency, which is not restored 
by the addition of ascorbic acid to the solution. In 
this connexion it is of interest to note that Higby 
(1943) states that hesperidin chalcone, but not the 
flavanone, is adsorbed by charcoal. If a solution 
containing potent vitamin P be kept in the light, 
but without contact with air and in a cool place 
(15-17°), its activity is maintained for 1-2 months. 
Even at room temperature, however, in the absence 
of air and in the dark a slow loss of potency occurs 
(Table 4). It is to be expected, therefore, that the 


Table 4. Loss of vitamin P potency from a preparation 
of blackcurrants* stored in the dark at approx. 20° 
in the absence of air 


P.v./100 g. 
Tested Nov./Dec. 1943 600 
Tested Feb. 1944 200-300 
Tested May 1944 150-200 
Tested Sept. 1944 Negligible 


* Prepared in late summer 1943. 


vitamin P potencies of liquid commercial prepara- 
tions obtained in the open market will show greater 
variations than can be accounted for on the basis of 
experimental error. In Table 5 are given the results 


Table 5. Vitamin P potencies of rose-hip syrups 
obtained in the open market 

Prepara- Potency Prepara- Potency 
tion (p.u./100 g.) tion (p.uv./100 g.) 
Al 500 B3 0 
A2 600 Cl 100 
A3 350 C2 50 
Bl 500 C3 50 
B2 100 


of clinical assays on specimens of rose-hip syrup. 
Although the necessary data are not available for 
calculating back to the original fruit, it is unlikely 
that the variations are to be attributed entirely to 
differences in potency of the original fruit or to 
varying concentration of the extracts. They are 
more likely to be due to losses of potency during 
preparation and/or storage. 


DISCUSSION 


The effect of certain material (collectively known 
as vitamin P) in increasing capillary resistance (de- 
creasing fragility) has now been demonstrated in 
man, guinea-pig, rat and mouse. The statement 
often made that citrin is vitamin P is meaningless. 
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The word ‘citrin’ is merely an expression of the 
tendency of flavanone derivatives to crystallize in 
complexes which ‘give relatively sharp melting- 
points and otherwise resemble pure substance’ 
(Higby, 1943). Crude hesperidin, chemically pure 
hesperidin flavanone, hesperidin chalcone and the 
aglycone hesperetin have all been proved active but 
there is insufficient evidence for, and certain evi- 
dence against, the view that hesperidin is vitamin P. 

It is presumably an essential property of a vitamin 
that it be reasonably soluble either in water at, or 
about, pH 7-0 or in animal fats. Neither hesperidin 
nor hesperetin fulfil these requirements and there- 
fore neither is vitamin P. They may, however, be 
precursors of a more active substance, possibly the 
chaleone, produced in the body following their 
absorption. This conception would place them with 
carotene as provitamins but need not be taken to 
imply that activity is acquired with molecular 
simplification. In spite of its insolubility it is inter- 
esting to note that clinical assays of hesperidin from 
different sources at different levels of dosage in 
different subjects have fairly regularly given a 
potency value of about 100 P.v./g., a value also 
obtained by guinea-pig assay (Bacharach & Coates, 
1942). It seems most unlikely that the high potency 
of certain water-soluble extracts can be attributed 
to hesperidin or its chalcone and it may be that 
vitamin P potency, as assessed by capillary resis- 
tance determination, resides in a group of substances 
which includes certain flavanones. That the question 
is not entirely one of solubility, however, is indicated 
by unpublished work reported to the Biochemical 
Society (Scarborough, 1940) suggesting that potent 
water-soluble preparations of vitamin P have no 
direct effect on capillary walls. Although potency 
does not parallel colour intensity, so that antho- 
cyanins, for example from beetroot, are inactive in 
increasing capillary resistance (Scarborough, unpub- 
lished results), a water-soluble preparation highly 
potent both in guinea-pigs (the W.S.P.4 of Bacha- 
rach & Coates, 1942) and in man (Table 3) was 
considered to consist ‘largely of glucosides of the 
anthoxanthin type’ (Pollard, 1942). Writing of this 
material in a private communication to Bacharach 
& Coates, Dr R. A. Morton in 1942 stated that the 
material was obviously different from hesperidin on 
spectroscopic examination. The absorption was 
found to be of the right order for a single absorbing 
substance but the spectrum did not closely resemble 
that associated with flavanols and flavanones (see 
also Morton, 1942). 


SUMMARY 


1. The preparation from orange meal, and the 
characterization, of hesperidin and hesperetin are 
described. Both these substances increase capillary 

18 
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resistance in man wher given by mouth in aqueous 
suspension but, for reasons given, neither can be 
regarded as vitamin P. Hesperidin is more than 
twice as active as the aglycone. It is unlikely that 
the preparation of hesperidin contained significant 
quantities of the chalcone to which its activity has 
been attributed by Higby (1943). 

2. The activity of both hesperidin and hesperetin 
is exceeded by certain water-soluble extracts, the 
active principles of which are not at present known. 

3. The results of clinical assays of the vitamin P 
potencies of a number of foods are described. The 
grape has proved to be the richest natural source. 
Vitamin P potency does not parallel ascorbic acid 
content. 

4. Vitamin P potency as assessed by capillary 
resistance determinations in man is destroyed by 
boiling the active solutions in air or by shaking 
with charcoal. 

5. A slow but gradual loss of vitamin P potency 
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was observed during storage of a preparation of 
blackeurrants stored at 20° in the dark in the 
absence of oxygen. Loss of vitamin P activity is to 
be expected from fruit preparations (e.g. rose-hip 
syrup) under ordinary conditions of storage. 


Our thanks are due to Prof. D. M. Dunlop for facilities 
granted during this investigation, to Sister A. Buchan of 
the Dietetic Department of the Royal Infirmary, Edinburgh, 
for unremitting care in supervising the diets used, and to 
the Moray Fund of Edinburgh University for expenses 
incurred. It is a pleasant duty to record the active co- 
operation of the scientific staff of Glaxo Laboratories Ltd., 
especially of the late Dr G. L. Rusby, who undertook much 
of the chemical work involved. Many points arising in the 
course of the work have been discussed with Mr A. L. 
Bacharach. Dr Norman Davidson has given valuable advice 
during the preparation of this paper. 

This work was carried out during the tenure of a Beit 
Memorial Research Fellowship (1939) and later a Crichton 
Research Scholarship from the University of Edinburgh 
(1940). 
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Biochemical Characterization of the Actions: 
of Chemotherapeutic Agents 


4, TIME-RELATIONSHIPS BETWEEN METABOLIC AND 
GROWTH INHIBITIONS BY PANTOYLTAURINE 


By H. McILWAIN (Leverhulme Research Fellow), Department of Bacterial Chemistry 
(Medical Research Council), The University, Sheffield 


(Received 17 May 1945) 


The manner in which pantoyltaurine influenced the 
course of streptococcal growth, when relatively small 
inocula of the non-proliferating bacteria were added 
to growth media already containing the inhibitor, 
was described previously (McIlwain, 1944). In 
chemotherapeutic practice, however, such a drug 
is commonly administered at a time when the in- 
fecting micro-organism is already growing. The 
addition of sulphonamides to growing bacterial 
cultures in vitro, to simulate administration of this 
type, has usually shown that the action of the drugs 
upon growth follows a latent period of an hour or 
more (see Henry, 1943). Similar characters have 
now been found in the action of pantoyltaurine 
upon streptococcal growth and an attempt has been 
made to understand the compound’s delayed action. 
In this attempt the promptness of action of pantoyl- 
taurine on a process of pantothenate-inactivation 
(MecIlwain & Hughes, 1944) has been examined, as 
inhibition of this process closely parallels the ma- 
jority of the growth effects of the inhibitor, and 
may be causally related to them. 


EXPERIMENTAL 


The majority of the experiments were carried out with a 
B-haemolytic streptococcus of group G, recently passaged 
through mice and maintained in blood broth. The Richards 
(group A) streptococcus and strains of Corynebacterium 
diphtheriae were also examined. Growth of the streptococci 
was followed anaerobically at 37°, by the manometric 
methods described previously (McIlwain, 1944), in a medium 
containing a casein hydrolysate, glucose, defined quantities 
of pantothenate, other growth factors, and buffered at 
pH 7-6 by bicarbonate and a gas mixture of 5% CO, in Ng. 
Evolution of gas was measured; in growing cultures the 
rate of evolution increased with time and logarithms of the 
rate (in yl./15 min.) were plotted against time to produce 
the growth curves of Figs, 2-4. Additions of reagents during 
growth were made from the side-arms of Warburg vessels. 

Reaction with pantothenate was also carried out anaerobi- 
cally at 37° in Warburg vessels and in the presence of 
glucose, bicarbonate, Mg++, yeast adenylic acid and in some 
cases (see Table 1) of a casein hydrolysate, but in the absence 
of other factors necessary for growth of the organisms. 
Preparation of the bacterial suspensions, assay of panto- 


thenate, and other details followed the description of 


Mcllwain & Hughes (1945). 


RESULTS 


Promptness of action of pantoyltaurine on 
pantothenate inactivation 


Kinetics of pantothenate inactivation by haemolytic 
streptococci. The pantothenate content of a solution 
in which streptococci could inactivate pantothenate 
at 37° was not appreciably altered if it was mixed 
with streptococci at that temperature’ and then 
immediately cooled to 0° (Table 1). When cooled 


Table 1. Effects of cooling, and of inhibitors, 
on pantothenate inactivation by bacteria 


Vessels contained the organisms in a side-arm, and in the 
main compartment: glucose, 200umol.; MgSO,, 0-5umol.; 
yeast adenylic acid, 0-7 zmol.; KH,PO,, 10umol.; NaHCOg, 
150umol.; pantothenate, 20mymol. and, in (B) only, 
hydrolyzed casein (75 mg.), and were equilibrated with 
N,+5% CO,. Fluid volume: 3-2 ml. Cooling was to 0°. 
The bacteria were separated by centrifuging or filtering, 
and pantothenate assayed in the supernatant fluids. 


Panto- 
Operations following the mixing thenate 
of bacteria and pantothenate- inactivated 
containing solutions at 37° (mpmol.) 


(A) Group G streptococcus; 5-1 mg. dry weight 


Cooled immediately 0-1 

Cooled after 20 min. at 37° 1-55 

Cooled after 55 min. at 37° 4-15 
1-6 


Pantoyltaurine (2umol.) added 20 min. after 
mixing; left at 37° for further 35 min. 

Pantoyltaurine (0-2umol.) added 20 min. 2-35 
after mixing; left at 37° for further 35 min. 


(B) Group G streptococcus; 4-9 mg. dry weight 


Cooled 20 min. after mixing 2-65 
Iodoacetate (6umol.) added 20 min. after 2-6 
mixing 
Cooled 50 min. after mixing 6-5 
2-75 


Pantoyltaurine (2mol.) added 20 min. after 
mixing; left at 37° for further 30 min. 

Pantoyltaurine (20mol.) added 20 min. after 2-75 
mixing; left at 37° for further 30 min. 


(C) C. diphtheriae (mitis); 3-9 mg. dry weight 


Cooled 25 min. after mixing 1-4 
Cooled 105 min. after mixing 4-8 
Pantoyltaurine (5mol.) added 25 min. after 1-55 


mixing; left at 37° for further 80 min. 








3 


_ 





80 


to 0° at intervals, after mixing and keeping at 
37°, the disappearance of pantothenate was pro- 
gressive (Fig. 1) and not unusually large in the first 





Pantothenate (mymol.) 





Time (min.) 


Fig. 1. Kinetics of pantothenate inactivation by a group G 
haemolytic streptococcus. (A) Reaction mixture of 
Mcllwain & Hughes (1945) with glucose (200 umol.) 
and pantothenate (10myumol.). Organisms (dry weight 
7-6 mg.) were added after equilibration at a time taken 
as zero in the figure. Vessels were cooled in ice at the 
intervals indicated. (B) The vessels of set I contained 
the above reaction mixture with pantothenate, 20mpmol. 
and those of set II with pantothenate, 20mpmol. and 
pantoyltaurine (PT), 200mpmol. Organisms: 2-65 mg. 
(dry weight)/vessel. 


period. A disproportionately large inactivation of 
pantothenate in the initial period would be expected 
if a reaction continued after cooling, or if panto- 
thenate inactivation was not a progressive meta- 
bolic process. The small quantities of pantothenate 
which were involved in the present experiments 
made it especially necessary to establish this point. 
These quantities—about 5yg. of pantothenate with 
the 5 mg. dry weight of bacteria of a typical experi- 
ment—are, however, much greater than the panto- 
thenate of the bacteria themselves, which in several 
cases examined approximated to 0-06yg.; gain or 
loss of pantothenate by the bacterial cells was very 
small in comparison with the changes in the panto- 
thenate of the solutions which are reported in the 
present account. 
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Table 1 shows also that when a reaction mixture 
was cooled at the same time as an otherwise similar 
one was mixed with iodoacetate, the pantothenate 
inactivated in the two cases was the same. 
The effect of iodoacetate on acid production from 
glucose which, with the present reaction mixture, 
was essential to pantothenate inactivation, was an 
immediate inhibition. These experiments show that 
the effect of cooling upon pantothenate metabolism 
is to inhibit it very rapidly. This operation has been 
used as standard in judging the promptness of action 
of pantoyltaurine. 

Fig. 1 shows also the progress of pantothenate 
inactivation with time, over a range of pantothenate 
concentrations (6-6—0-3mymol./ml.) which includes 
all the pantothenate concentrations studied in the 
present experiments, as well as those of the blood 
of animals in which experimental chemotherapy 
with pantoyltaurine was carried out (McIlwain & 
Hawking, 1943). The pantothenate inactivation is 
approximately directly proportional to time but 
falls off slightly at the lower pantothenate concen- 
trations. In the calculations of the following para- 
graph, which concern only the higher pantothenate 
concentrations, the relationship is taken as a linear 
one; such a relationship also holds over the narrower 
range of concentrations of Fig. 1B, during panto- 
thenate inactivation which is partially inhibited by 
the addition of pantoyltaurine to the initial reaction 
mixture. 

Addition of pantoyltaurine during pantothenate 
metabolism. In experiments of Table 1, pantoyl- 
taurine was added to reaction mixtures containing 
pantothenate at the same time as duplicate mixtures 
were cooled to 0° or mixed with iodoacetate. Un- 
inhibited controls, and the mixtures containing 
pantoyltaurine or iodoacetate, were left at 37° for 
the longer periods indicated and then also cooled 
to 0°. The final pantothenate contents of the reaction 
mixtures suggest that the inhibition of pantothenate 
metabolism by pantoyltaurine occurs almost im- 
mediately, both in the case of streptococci and of 
C. diphtheriae. Taking the accuracy of pantothenate 
assay in the experiments of Table 1 as + 0-1mpmol., 
and assuming the inhibitions by 100 or 1000 equi- 
valents of pantoyltaurine to be complete when they 
commence, then inhibition occurs within 2 min. If 
the inhibitory action is gradual, then its onset is 
within an even shorter period. 

The effect of 10 equivalents of pantoyltaurine, 
when initially present in the reaction mixture, is to 
inhibit pantothenate inactivation by 64 % (Fig. 1B). 
If this degree of inhibition is assumed to take place 
immediately on the addition of this quantity of 
pantoyltaurine to suspension A (Table 1), 2-45 
myumol. of pantothenate would be inactivated at 
the end of the experimental period. This agrees well 
with the 2:35mymol. observed. 





1945 


xture 
milar 
enate 
same, 
from 
ture, 
as an 
- that 
olism 
been 
ction 


enate 
enate 
ludes 
n the 
blood 
srapy 
un & 
ion is 
> but 
neen- 
para- 
enate 
inear 
ower 
anto- 
od by 
ction 


enate 
itoyl- 
ining 
tures 
Un- 
ining 
1° for 
ooled 
ction 
enate 
> im- 
ad of 
anate 
mol., 
equi- 
they 
n. If 
et is 


rine, 
is to 
1B). 
place 
y of 
2-45 
d at 
well 





Vol. 39 


The promptness of response to removal of pantoyl- 
taurine. This was investigated by first exposing 
two similar portions of a streptococcal suspension 
to pantothenate in reaction mixtures (Table 2) in 
which pantothenate inactivation could proceed 


Table 2. Reversible nature of pantoyltaurine- 
inhibition of pantothenate metabolism 


Vessels contained the reaction mixture of Table 1 without 
casein and with pantothenate, 11-5mymol. and the group G 
streptococci (dry weight, 5-1 mg.). Vessels (a) and (5) 
comprise the first part of the experiment, after which their 
contents were centrifuged, the supernatants kept for 
pantothenate assay, and the deposited organisms trans- 
ferred to vessels (c) and (d). 
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rapidly, but to one of which was added an excess of 
pantoyltaurine. This greatly inhibited pantothenate 
inactivation of the latter suspension (b, Table 2). 
The organisms were separated from each reaction 
mixture by centrifuging, but were not washed. They 
were then transferred to vessels which contained 
reaction mixtures similar to the original one, but 
which were both without pantoyltaurine. The mix- 
tures were placed in a thermostat at 37° within 
23 min. after the addition of the organism, and the 
pantothenate inactivation in a second period was 
determined. All the manipulations between the 
two periods of pantothenate metabolism occupied 
40 min., during all of which the organisms of (6) 
were either in the presence of their original pantoyl- 
taurine + pantothenate mixture, or in that of panto- 
thenate whose metabolism was determined in the 
second part of the experiment. 

It is seen from Table 2 (c, d) that the previously 
inhibited organisms fully recovered their ability to 
inactivate pantothenate. Assuming again in assay 
an accuracy of 0-1 myumol. of pantothenate, recovery 





Time (min.) 


Pantothenate 
Pantoyl- inactivated in 
taurine equal periods 
content of of time 
vessels Source of (approx. 60 min.) 
Vessel (ymol.) organisms (mymol.) 
(a) 0 Fresh suspension 8-0 
(b) 0-5 Fresh suspension 2-1 
(c) 0 From (a) 6-8 ere ; 
(d) 0 From (5) 7-0 was within 2 min. 
g g 
Sg, & 
3 2 
z 3 
g g 
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Fig. 2. Delayed action of pantoyltaurine on the course of streptococcal growth. 


(A) With pantothenate, 3-3 x 10-*u; 


(1) without addition of inhibitor; (2) with pantoyltaurine (PT) making a final concentration of 3-3 x 10-*m added at 
170 min.; (3) with pantoyltaurine to 3-3 x 10-*m added at 170 min.; (4) with inoculum added to pantothenate, 
3-3 x 10-m and pantoyltaurine, 3-3 x 10-*m. (B) A different inoculum with pantothenate, 2 x 10-*m; (1) uninhibited; 
(2) with pantoyltaurine to 10-*m added at 75 min. and (3) with the same addition at 15 min. 
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Promptness of action of pantoyltaurine and 
pantothenate on streptococcal growth 


Pantoyltaurine and normally growing cultures. The 
initial presence of pantoyltaurine in concentrations 
20 or more times those of the pantothenate, in media 
whose concentration of pantothenate approximated 
to that of the present experiments, was found 
(McIlwain, 1944) to increase the length of the lag 
period of cultures and to decrease the velocity of 
their subsequent growth. A culture inhibited in this 
manner by a 70-fold preponderance of pantoyl- 
taurine is shown by the points (series 4) of Fig. 2A 
(points (series 1) show an uninhibited control). The 
majority of the present experiments differ from that 
of series (4), Fig. 2A, in that uninhibited growth 
is initiated in the presence of pantothenate, and 
pantoyltaurine added during growth. Such addition 
was found to have little if any initial effect upon 
the course of growth even when large excesses of 
pantoyltaurine were used. In the experiment of 
Fig. 2A, a 100- or 1000-fold preponderance of 
pantoyltaurine showed no effect within 1} hr. after 
its addition; growth continued at the same rate as 
before the addition and at the same rate as in the 
uninhibited culture. At the end of the experiment 
the population was nearly the maximal size obtain- 
able in the medium studied, and had increased 
5-fold in the presence of the inhibitor. The addition 
of pantoyltaurine at earlier stages in the growth of 
cultures is shown in Fig. 2B. A 500-fold prepon- 
derance of pantoyltaurine added 15 min. after 
inoculation caused inhibition of growth within 
60 min. after the addition ; when added 75 min. after 
inoculation, inhibition was noticeable 75 min. later. 
The uninhibited cultures of Figs. 2A and 2B were 
chosen to differ in length of lag and rate of growth, 
but they agree in showing considerable delay in the 
action of the drug. The two other cultures examined 
(not described in detail) showed similar delays, such 
that up to three generations of cells may elapse 
between the addition of pantoyltaurine and an 
inhibition of growth. 

Pantoyltaurine and pantothenate added to pantoyl- 
taurine-inhibited cultures. Reasons for carrying out 
these experiments are given in the discussion. In 
the experiment recorded in Fig. 3, pantoyltaurine 
in concentrations 50 times those of the coincident 
pantothenate led to an inhibited growth with at 
least two logarithmic phases. Pantoyltaurine suffi- 
cient to make a concentration 600 times that of the 
pantothenate was added at about the end of the 
first of these, and a retardation of growth was seen 
in the reading taken 15 min. later but was such 
that the initial effect probably occurred within a 
shorter period approximating to 7 min. It was not, 
however, an immediate and complete effect, but 
permitted the population of the culture to increase 
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to a size 1-7 times that present at the time of addi- 
tion of the larger quantity of pantoyltaurine. The 
effect thus occurred, on the average, within one 
generation of cells. The population of the final in- 
hibited culture was less than one-third of the 
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Fig. 3. A prompter action of pantoyltaurine on already 
inhibited streptococcal growth. (1) With pantothenate, 
3-3 x 10-§m and no inhibitor; (2) and (3) with the same 
quantity of pantothenate and with pantoyltaurine (PT), 
1-6 x 10-4m. Water was added to (2) and pantoyltaurine 
(to 3-3 x 10-3m) to (3) at 212 min. 


180 240 


Time (min.) 









maximum size which the medium would ordinarily 
support. The promptness of action in this experi- 
ment is to be compared with the 4- to 8-fold increase 
in population which occurred before a comparable 
excess of pantoyltaurine showed an action on the 
growth of uninhibited cultures. 

The cultures used to obtain the results shown in 
Fig. 4 all contained pantoyltaurine, and an inoculum 
was used whose normal growth followed a relatively 
long lag. Before inoculation, sufficient pantothenate 
was added to culture (1) to antagonize the potential 
inhibitory effect of the pantoyltaurine, and this 
quantity of pantothenate was added to cultures 
(2) and (3) at, respectively, 63 and 123 min. after 
inoculation. No addition was made to culture (4) 
and its growth was inhibited throughout the experi- 
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ment. It can be seen that late addition of panto- 
thenate to cultures (2) and (3) enabled them to grow 
but that their lag was increased from the 116 min. 
of (1) to 136 and 167 min. Thus pantothenate, also, 
required a measurable time to affect the growth of 
organisms when growth had been inhibited by 
pantoyltaurine. The intervals between addition of 
pantothenate and the beginning of the logarithmic 

















Log gas evolution (l./15 min.) 





Time (min.) 

Fig. 4. Delayed effect of pantothenate in restoring pantoyle 
taurine-inhibited growth. (1) With, initially, panto- 
thenate, 3-2x10-°m and pantoyltaurine, 2 x 10-*M. 
(2), (3) and (4) with initially pantothenate, 2 x 10-*m 
and pantoyltaurine, 2 x 10-‘m. Pantothenate (P-0-1 ml., 
making a final total concentration of 3-2 x 10-°m) was 
added to (2) at 63 min. and to (3).at 123 min. 


phase of normal growth rate in cultures (2) and (3) 
were 73 and 44 min., or much less than the lag of 
116 min. of culture (1); but the response to panto- 
thenate was far from rapid even when its addition 
was made at a time later than that at which un- 
inhibited growth commenced in the control, (1). It 
was concluded that the change from lag to loga- 
rithmic phases required certain reactions which were 
inhibited by excess of pantoyltaurine, and others 
which were independent of it. 


DISCUSSION 


Reasons for considering the inhibition of panto- 
thenate inactivation by pantoyltaurine to be closely 
connected with the effects of the inhibitor on growth 
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have been given previously (McIlwain & Hughes, 
1945). Nevertheless, the present study shows the 
two inhibitions to differ in the promptness of their 
onset. The following consideration of the character 
of the action of pantoyltaurine suggests that this 
finding is not inconsistent with, but can be inter- 
preted in terms of, a causal relationship between the 
two inhibitions. 

Previous investigations of this series have sug- 
gested that the reaction with pantothenate is asso- 
ciated with the production of substances necessary 
to bacterial growth; inhibition of the reaction thus 
leads to inhibition of growth. Now it has already 
been found (McIlwain, 1944; McIlwain & Hughes, 
1944) that the inactivation of pantothenate by 
streptococci is more sensitive to pantoyltaurine than 
is their growth. Thus a 20-fold preponderance of 
pantoyltaurine can decrease pantothenate inacti- 
vation to 25 % of its normal rate but has only a very 
slight effect on growth. If its products are essential 
to growth, the reaction with pantothenate can 
therefore be carried out by the normal organisms 
in considerable excess of their minimal needs. The 
growing cultures to which pantoyltaurine was added 
in the experiments of p. 282 may thus be expected 
to have produced, before addition of the inhibitor, 
sufficient material for their continued growth in the 
presence of pantoyltaurine. The continued growth 
has been observed ; a stable product of the expected 
properties has not yet been detected in solution, 
but may be part of the bacterial cell. 

Further observations support this conception of 
the action of pantoyltaurine and pantothenate. 
(1) If the suggested reason for the delay in growth 
inhibition is correct, the delay should be less when 
less opportunity is given to the bacteria for reaction 
with pantothenate during their growth. This limi- 
tation should be achieved by adding an amount of 
pantoyltaurine having little effect on growth. As 
shown in Fig. 3, the slight inhibition produced by 
1-6 x 10-*M-pantoyltaurine was converted relatively 
quickly to a complete inhibition, by the addition 
of further pantoyltaurine (curve 3). The second 
quantity of the inhibitor acted on growth within 
7 min. of its addition, in comparison with the 
60-75 min. elapsing before a comparable quantity 
affected the uninhibited growth shown in Fig. 2. 
(2) If products of a pantoyltaurine-sensitive reac- 
tion with pantothenate are necessary for growth, 
and not the mere presence of adequate pantothenate, 
then even though reversal of the metabolic effect of 
the inhibitor is prompt, time can nevertheless be 
expected to elapse before the effects of pantothenate, 
as an antagonist to the growth inhibition of pantoy]- 
taurine, become manifest. This was concluded to be 
the case from examination of Fig. 4. 

The present results are thus consistent with the 
theory that the effect of pantoyltaurine on processes 
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intimately connected with pantothenate inactiva- 
tion is responsible for the action of the inhibitor on 
growth. Evidence against the allocation of such a 
role to certain other metabolic effects of panto- 
thenate has been given previously (McIlwain, 1944). 
The relationships between inactivation of panto- 
thenate and its ‘binding’ and functioning in the cell 
are receiving further study. 


SUMMARY 


1. Low concentrations of pantoyltaurine can pre- 
vent the commencement of the growth of B-haemo- 
lytic streptococci, but when the compound is added 
—even in relatively high concentrations—to already 
growing cultures, its effect on growth is not shown 
until after a latent period of an hour or more. In 
this its action resembles that of the sulphonamides. 

2. The action of pantothenate as an antagonist 
to growth inhibition by pantoyltaurine is also a 
delayed one. 
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3. A process of pantothenate inactivation which 
is connected with the action of pantoyltaurine upon 
growth is nevertheless inhibited promptly by pan- 
toyltaurine both in streptococci and in Coryne- 
bacterium diphtheriae. 

4. This process starts again promptly after re- 
moval of pantoyltaurine. 

5. Quantitative considerations show this process 
to be carried out by streptococci, in their normal 
growth, in considerable excess of their ordinary, 
needs. During the latent period in the action of 
pantoyltaurine on growth, the organisms are con- 
sidered to be using materials previously made in: 
excess. 

6. When the reaction with pantothenate is limited 
by growth of streptococci in the presence of concen- 
trations of pantoyltaurine which only slightly affect 
growth, further pantoyltaurine acts upon growth 
relatively promptly. 


I am greatly indebted to Mr D. E. Hughes for assistance 
during these investigations. 
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